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PREFACE. 



The aathors have endeavored to include iii this short treatise 
enoagh of the theory and practice of qaalitative analysis " in the 
wet way," to bring ont all the reasoning involved in the subject, 
and to give the student a firm hold upon the general orinciples 
and methods of the art. It has been their aim to give only so 
much of mechanical detail as is essential to an exact comDrehension 
oTthe methods and to success in the actual experiments. Hence, 
the multiplication of diiferent tests or processes, having essentially 
the same object, has been purposely avoided. For the same reason 
none of the rare elements are alluded to. The manual is intended 
to meet the wants of the general student, to whom the study is 
chiefly valuable as a means of mental discipline and as a compact 
example of the scientific method of arriving at truth. To profes- 
sional students who wish to make themselves expert analysts, this 
little book oflfers a logical introduction to the subject, an outline 
which is trustworthy as fiir as it goes, but which needs to be filled in 
and enlarged by the subsequent use of some more elaborate treatise as 
a book of reference. Prof. Johnson, of Yale, has supplied this need 
with his excellent edition of Fresenius*s comprehensive manual. 

The authors believe that they have put into the following pages 
as much of inorganic qualitative analysis as is usefhl for training, 
and also as much as the engineer, physician, agriculturist, or lib- 
erally educated man needs to know. The book has been written 
for the use of classes in the Institute of Technology, who have 
already studied the authors' '* Manual of Inorganic Chemistry." It 
is simply an implement devised to facilitate the giving of thorough 
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fnstractlon to large classes in the laboratory. It is the authors* 
practice to examine their classes orally every four or five exercises, 
in order to secare close attention to the reasoning of the subject 
With this exception, the subject is studied exclusively in the labor- 
atory, tools in hand. Fifty laboratory exercises of two hours each 
liave proved sufficient to give their classes a mastery of the subject 
as it is presented in this manual. 

It is scarcely necessary to say that this little work is a compila- 
tion firom well-known authorities, among which may be particularly 
mentioned the works of Galloway, Will, Fresenius, and Northcot9 
lb Church. 

Boston, April, 1869. 



PEEPACE TO THE REYISED EDITION. 



In this revised edition, undertaken with the advice and consent 
of the authors, such alterations and additions have been made aa 
have been suggested by the use of the book with a number of 
classes in the laboratory. 

Boston, July, 1876> 
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QUALITATIVE ANALYSIS. 



INTEODUCTION. 

1. QualitatiYe Analysis, in the widest sense of the term, 
ts the art of finding out the elements contained in compound 
substances. The general definition has important limitations 
in practice. In the first place, the art, as commonly taught, 
applies almost exclusively to mineral, or inorganic, substances, 
and touches only incidentally upon the multifarious compounds 
of carbon with hydrogen, oxygen, nitrogen and a few other 
elements, which form the subject-matter of that branch of 
chemical science called organic chemistry. Again, the 
analysis of gases constitutes a distinct branch of analysis, 
requiring methods and apparatus of its own, and therefore 
to be most advantageously studied by itself. These deduc- 
tions made, there remains the analysis of inorganic solids 
and liquids, which is in fact the main subject of qualitative 
analysis in the present technical sense of the term; 

Of the sixty-three recognized chemical elements, only the 
thirty-four most important are embraced in the systematic 
course of this manual. Means of detecting a few other less 
common elements are incidentally given; but most of the 
elements which are so rare as to be at present of little inter- 
est except to the professional chemist or mineralogist are not 
alluded to. 

2« Some previous knowledge of general chemistry is es- 
sential to the successful study of qualitative analysis. It is 
assumed that the student knows Bomethin<v of the common 
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elements and of their most important combinations, that he 
is familiar with the principal laws which govern chemical 
changes, and that he possesses a certain skill in the simplest 
manipulations. The tools and operations employed in quali- 
tative analysis are few and simple ; but neatness, method in 
working and a vigilant attention even to the minutest details, 
are absolutely essential. As the various substances used or 
produced in the operations of analysis will not be particularly 
described, the careful student will keep at hand some text- 
book on general chemistry, to which he can constantly refer 
to refresh his recollection of the formulae and physical and 
chemical properties of the substances referred to. It should 
be observed that it is often very difficult — in fact, impossible 
in the present state of knowledge — to express in exact 
equations the involved or obscure reactions which occur in 
complex mixtures during the operations of analysis. It is a 
useful exercise for students to write out in equations the 
simpler chemical changes which occur in analysis ; but when 
the attempt is made to put a complex reaction into numerical 
symbols, the equations are apt to express either more than 
we know, or less. 

3. Although the detection of the elements contained in 
compound substances is the ultimate object of analysis, it is 
only by exception that the elements themselves are isolated, 
and recogi^zed in their uncombined condition. An element 
is generally recognized through some familiar compound, 
whose apparition proves the presence of all the elements it 
contains, just as the presence of any word upon this page 
makes it sure that the letters with which it is spelt are im- 
printed there. If, as the result of a definite series of opera- 
tions upon some unknown body, the hydrated oxide of iron 
be produced, no iron having been added during any stage of 
the process, the proof of the presence of iron in tiie original 
body is quite as certaiil as if the gray metal itself had been 
extracted from it. If some well-known sulphate, like sul« 
phate of lead, or of barium, for example, result fh>m a seriea 
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of experiments upon some unknown mineral, it is certain that 
the mineral contained sulphur ; provided only that no sulphur 
has been introduced in any of the chemical agents to whose 
action the mineral has been submitted. 

The compounds through which the elements are recognized 
are necessarily bodies of known appearance, deportment and 
properties. They are, in fact, bodies of yarious, though 
always definite, composition; oxides, sulphides, chlorides, 
sulphates and many other salts, are thus made the means of 
identifying one or more of the elements which they contain. 
The object of the analyst is to bring out from the unknown 
substance, by expeditious processes and under conditions 
which admit of no doubt as to their testimony, these identi- 
fying compounds, with whose appearance and qualities he has 
previously made himself acquainted. As he follows the 
course of experiments laid down in this manual, the student 
will gradually acquire, with the aid of frequent references to 
a text-book of general chemistry, that stock of information 
concerning the identifying compounds which must be always 
ready for use in his mind, and at the same time he will be 
made familiar with the character of the methodical processes 
which secure a prompt and sure testimony to the elementary 
composition of the substances he examines. 

4. The subject is treated in two parts or divisions, of 
which the first contains a series of experiments to illustrate a 
systematic course of examination for substances in solution, 
when once that solution has been made ; while the second 
treats chiefly of the preliminary examination of solids and 
the means of bringing them into solution, and* indicates the 
general methods to be pursued in the actual analysis of a 
substance of unknown composition. 



PART FIRST. 



CHAPTER I. 

DlVISIOir OF THB METAXaUO WjEMENTS INTO GLASBEB. 

5. Example of the Separation of two Elements. — Put 
a small crystal of nitrate of silver and a small crystal of 
sulphate of copper into a test-tuhe (Appendix, § 65), and 
dissolve them in two teaspoonfuls of water, warming the 
water at the lamp to facilitate the solution. Add to this 
solution a few drops of dilute chlorhydric acid (App., § 8). 
Shake the contents of the tube violently, wait until the curdy 
precipitate, which the acid produces, has separated from the 
liquid, and then add one more drop of chlorhydric acid. If 
this drop produces an additional precipitate, repeat the oper- 
ation until the new drop of acid produces no change in the 
partially clarified liquid. Then, and not tiU then, has all the 
silver which the original solution contained been precipitated 
in the form of chloride of silver, an unemployed balance or 
excess of the reagent^ chlorhydric acid, remaining in the clear 
licpid ; this liquid can be readily separated by filtration from 
the curdy chloride. 

Shake the contents of the test-tube, and transfer them as 
completely as possible to a filter (App., § 70), supported in a 
very small glass fhnnel (App., § 69), which has been placed 
in the mouth of a test-tube. With a wash-bottle (App., § 81) 
rinse into the filter thai portion of the precipitate which 
has adhered to the sides of the first test-tube. When the 
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filtrate has dramed completely from the precipitate, set the 
test-tabe which has received it aside. Wash the precipitate 
together into the apex of the filter by means of a wash-bottle 
with a fine outlet; and, in order to wash out the soluble 
sulphate of copper which adheres to the precipitate, fiLl the 
filter fldl of water two or three times, throwing away this 
wash-water when it has passed thsongh the filter. 

The complete separation of the silver and copper which 
were mixed in the original solution is already accomplished ; 
the silver is on the filter in the form of chloride ; the copper 
is in the clear, bluish filtrate. This speedy and effectual 
separation of the two elements is based upon the fact that 
chloride of silver is insoluble in water and acid liquids, and 
is, therefore, formed when chlorhydric acid is added to a 
solution containing a salt of silver ; chloride of copper, how- 
ever, is readily soluble in water and acid liquids, and, even 
if formed by the addition of chlorhydric acid to a solution 
of a compound of copper, would fail to manifest itself by 
appearing as a precipitate. It is, in general, true that when- 
ever, by the addition of a reagent, there can be formed in any 
solution a compound insoluble in the liquids present, this 
compound always separates as a precipitate. Such differ- 
ences of solubility as are illustrated by the case of the chlor- 
ides of silver and copper are the cluefreliance of the analyst. 

6. Definition of the term ** Class." Class I. — >^)n the 
foregoing experiment only two elements have been separat- 
ed. It might obviously be very difficult, if not impossible, to 
find a special reagent for every element, which would always 
precipitate that single element and never any other. Chlor^ 
hydrio acid, for example, which precipitates silver so ad- 
mirably firom any solution containing that element, is capable 
of eliminating two other elements under like conditions. The 
lower chloride of mercury (mercurous chloride or calomel) is 
insoluble in water and weak acids. Chloride of lead is 
sparingly soluble in cold water, and is still less soluble in 
water addulated with chlorhydric add. The chlorides of the! 
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other metallic elements are all soluble in water and acids 
under the conditions of the analytical process. 

There are embraced in the scope of this manual twenty- 
two of the so-called metallic elements, — elements whose 
hydrates or oxides are said to be basic in theur character, and 
are collectively designated as bases : if chlorhydric acid were 
added in proper quantity to a solution imagined to contain 
all these elements, three, and only three, of the twenty-two 
elements would be precipitated as chlorides. After filtration 
and washing, a mixture of chloride of silver, chloride of lead 
and mercurous chloride would remain upon the filter, and all 
the other elements would have passed as soluble compounds 
into the filtrate. Silver, lead and mercury, the three ele- 
ments thus separated from the rest by this well-marked 
reaction with chlorhydric acid, constitute a dass^ the first of 
several classes into which the metallic elements are divided 
for the ends of qualitative analysis. Each class is character- 
ized by some clear reaction which suffices, when intelligently 
applied, to separate the members of any one class from the 
other classes. The chemical agent, by means of which this 
distinctive reaction is exhibited, is called the general reagent 
of the class. Thus, chlorhydric acid is the general reagent of 
the first class. 

This division of the elements into classes renders it un- 
necessary to find means of sepai'ating each individual element 
from all the others. In the systematic course of an analysis, 
the classes are first sought for and separated; afterwards 
^ each class is treated by itself for the detection of its individ- 
^ ual members. It is an incidental advantage of this division 
^» of the elements into classes that, when the absence of any 
whole class has been proved by the failure of its peculiar 
general reagent to produce a precipitate in a solution under 
examination, it is unnecessary to search frirther for any mem- 
ber of that class. Much time is thus saved, for it is as easy 
to prove the absence of a class as of a single element. The 
RiU treatment of the first class of elements, comprising, aa 
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we have seen, silver, lead and mercury, is the sabject of 
Chapter II. 

7. Experiment to Illustrate the Division of the Me* 
tallic Elements into Classes. — We proceed to demonstrate 
experimentally the chemical facts upon which rests the divis* 
ion of the other metallic elements into convenient classes. 

Prepare |i complex solution, by mixing together in a small 
beaker (App., § 68) a small teaspoonfbl of each of the fol- 
lowing solutions (App:, § 62), viz. : — chloride of copper, ar- 
senious acid in chlorhydric acid, ferrous chloride, chloride of 
zinc, chloride of calcium, chloride of magnesium and chloride 
of sodium. Dilute the mixture thus prepared with its own 
bulk of water. Should any turbidity or precipitate appear, 
add chlorhydric ^|d, little by little, until the solution bo- 
comes clear. Thi^K)lution is representative; it contains at 
least one meml^ of ~ each of the classes of elements which 
remain to be defined* It contains no member of the first 
class ; but we may consistently suppose that the members of 
this class have been previously precipitated, as in the fore- 
going experiment (§ 5), and that an excess of chlorhydiio 
acid remains in the liquid. 

8. Definition of Classes II and HI, — Pass a slow current 
of sulphuretted hydrogen (App., § 14) from a gas-bottle or 
self-regulating generator through the acid liquid in the beaker. 
This operation must be performed either out of doors or in a 
current of air sufilcient to carry the excess of the gas away 
from the operator. A dense, dark colored precipitate will 
immediately appear, and gradually increase in bulk. When 
the gas has flowed continually for five or ten minutes through 
the liquid, remove the beaker from the source of the gas (or 
interrupt the stream of gas if a self-regulatiug generator be 
employed), stir the liquid well, and blow out the sulphuretted 
hj'^drogen which lies in the beaker. If after the lapse of two 
or three minutes the liquid smells disUj^ctly of sulphuretted 
hydrogen, it is saturated with the g00Rn^ it is sure that the 
reagent lias done its work. K the liquid does not retain the 
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chaiacteristic odor, the gas must be again passed through it 
until saturation is certainly attained. 

In order to obtain still ftirttier assurance of the saturation 
of the liquid, it is often well to take the first portions of the 
filtrate of the succeeding paragraph and add a small quantity 
of sulphuretted hydrogen water (App., § 15). If a sufiScient 
amount of the gas had not been passed Into the liquid, the 
addition of the sulphuretted hydrogen water would cause the 
appearance of a precipitate. In such a case the filtered por- 
tion must be returned to the beaker and the stream of gas 
again passed through the liquid. 

Pour the contents of the beaker, well stirred up, upon a 
filter which is supported over a test-tube or second beaker. 
Rinse the first beaker once with a teaspoonful of water, and 
transfer this rinsing water to the filter, allowing the filtered 
liquid to mix with the original filtrate. Label* this filtrate 
^^ Filtrate from II and III " (classes), and preser^^ it for 
later study. 

If any considerable quantity of precipitate has adhered to 
the sides of the original beaker, it may be detached and 
washed on to the filter by means of a sharp jet of water from 
the wash-bottle. The precipitate, as it lies upon the filter, 
must then be washed once or twice with water ; the wash-water 



* The student should' at once make it a rule to label every filtrate or 
precipitate which he has occasion to set aside, eren for a few moments. A 
bit of paper large enough to carry a descriptive symbol or abbreviation 
should be attached to the vessel which contains the liquid or precipitate. 
Paper gummed on the back or the smaU labels which are sold already 
gummed are convenient for this use. 

This habit, once acquired, will enable the student to carry on simul- 
taneously without error or confusion, several operations. He may be 
throwing down one precipitate, washing another, filtering a third, and 
dissolving a fourth at the same time, and the four processes may belong to 
as many different stages of the analysis. There will be no danger of error 
if labels are faithfully used ; and a great deal of time will be saved. The 
unaided memory is incapable of doing such work with that full certainty, 
admitting of no suspicion or after-qualms of doubt, which is alone satisfy- 
ing, or indeed admissible, in scientific research. 
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Ib thrown away/ The washed precipitate consists of a mix* 
tare of sulphide of copper (CuS) and tersnlphide of arsenic 
(A8s8s)< The fact that these sulphides are precipitated under 
^e conditions of this experiment proves that they are both 
insoluble in weak acid liquors. They are also both insoluble 
in water. But an important difference between the two sul- 
phides nevertheless exists, a difference which affords a trust- 
worthy means of separating one from the other. 

When the water has drained away fh>m the precipitate, open 
liie filter upon a plate of glass, and gently scrape the precipi- 
tate off the paper with a spatula of wood or horn. Place the 
precipitate in a small porcelain dish (App., § 73), pour over 
it enough of a solution of sulphydrate of sodium (App., § 23) 
to somewhat more than cover it, and heat the mixture cau- 
tiously to boiling, stirring it all the time with a glass rod. 
The quantity of sulphydrate of sodixmi to be employed varies, 
of course, with the bulk of the precipitate ; in this case two 
or three teaspoonfbls will probably suflSce. It is veiy undesi- 
rable to use an unnecessarily large quantity of the reagent for 
reasons that will hereafter appear. A portion of the original 
precipitate remains undissolved; but a portion has passed 
into solution. Filter the hot liquid again. The black residue 
on tiie filter is sulphide of copper, which is insoluble, not only 
in water and weak acids, but also in alkaline liquids. To the 
filtrate, collected in a test-tube, add gradually chlorhydric 
acid, until the liquid has an acid reaction on litmus paper 
(App., § 58). A yellow precipitate of sulphide of arsenic will 
appear as soon as the alkaline solvent which kept it in so- 
lution is destroyed. The sulphide of arsenic differs from the 
sulphide of copper in that it is soluble in alkaline liquids. 

In this series of experiments copper and arsenic stand, not 
as isolated elements, but as representatives of classes. The 
following common elements have sulphides which are insoluble 
in water, weak acids and alkaline liquids : — Lead, mercury, 
bismuth, cadmium and copper. These elements constitute 
Ciass n in our system of analysis. The following elements 
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have sulphides which are insoluble in water and weak acids, 
but soluble in alkaline liquids : — Arsenic, antimony, tin (and 
the precious metals gold and platinum). These elements con- 
stitute Class III. If all the elements of both groups had 
been present in the original solution, one class might have 
been separated from the other by the same process employed 
in the case of the representative elements, arsenic and copper. 
The question may naturally suggest itself, how it happens 
that lead and mercury are included in Class II, when they were 
both precipitated in Class I. The chloride of lead, which is 
thrown down by chlorhydric acid, is not wholly insoluble in 
water ; hence it happens that the lead is not completely pre- 
cipitated in Class I. That portion of the lead which has 
escaped precipitation as chloride in Class I, will be thrown 
down as sulphide in Class II, for the sulphide of lead is in- 
soluble in water, weak acids and alkalies. In regard to 
mercury, it will be remembered that there are two sorts of 
mercury salts, mercurous salts and mercuric salts. The mer- 
curous chloride, HgsCla, (coZomeZ) is insoluble in water ; but 
the mercuric chloride, H^l,, {corrosive sublimate) is soluble 
in water. If, therefore, mercury be present in the form of 
some mercurous salt, it will be separated as mercurous chloride 
in Class I. If, on the contrary, it be present in the form of 
some mercuric salt, it will be separated in Class II as mercuric 
sulphide (HgS), for this sulphide is insoluble in water, weak 
acids and alkaline liquids. If a mixture of mercurous and 
mercuric salts be contained in the original solution, mercury 
will appear both in Class I and in Class 11. 

;^ The treatment of Class U is fhlly discussed in Chapter III. 
^Th%separation of Class III and the means of separating the 

4 , mepSers of the class, each f]X)m the others, form the subject 
of Chapter IV. 

9. Definition of Class IV • — ^ We now return to the study "^ 
of the filtrate from Classes II and in. Pour the liquid into 
a small evaporating dish, and boil it gently for five or siic 
minutes to expel the sulphuretted hydrogen with which the 
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fluid is still charged. To make sure that all the gas is 
expelled, hold a bit of white paper moistened with a solution 
of acetate of lead (App., § 46) over the boiling liquid ; when 
the paper remains white, all the sulphuretted hydrogen is 
gone. Next, add to the liquid in the dish ten or twelve 
drops of strong nitric acid (App., § 4), and again gently boil 
the liquid for three or four minutes, in order that all the iron 
present may be converted into ferric salts. Then pour the 
liquid into a test-tube, add to it about one third its bulk of 
chloride of anmionium (App., § 19), and finally add ammonia- 
water (App., § 16), little by little, until the mixture, after 
being well shaken, smells decidedly of ammonia. A brownish- 
red precipitate of hydrated sesquioxide of iron will separate 
from the liquid. Pour the contents of the test-tube upon a 
filter, rinse the tube and the precipitate onoe with a little 
water, and preserve the whole filtrate for subsequent opera* 
tions. 

Two other metals, aluminum and chromium, are precip- 
itated, as iron has here been, by ammonia-water und^ the 
same conditions and in the same form, viz., as hydrates. 
These three elements, therefore, constitute the fourfli class, 
whose treatment forms the subject of Chapter Y. The hy- 
drates of these elements are insoluble in water, even in the 

m 

presence of salts of ammonium, such as the chloride of am- 
monium which has been expressly added, and the. nitrate of 
ammonium which has been formed during the neutralization 
of the acid liquid. The student may be curious to know 
why the presence of ammonium salts is insisted upon before 
the elements of this class are thrown down by ammonia-water. 
The ammonium salts have nothing to do with the precipita- 
tion of iron, aluminum and chromium ; but by their 4>re8ence 
they pre^nt the precipitation, as wiQ be hereafter explained, 
of certain other elements whose hydrates, though but slightly 
soluble in water, are dissolved by solutions of ammonium 
salts. The salts of ammonium are therefore added to keep 
in solution certain other elements which otherwise would 
encumber Class lY. 



12 . DEFINITION OF CLASS V. § IQ 

10. Definition of Glass V. — We now proceed to th« 
examination of the filtrate from the precipitate of Class IV. 
Bring this liquid to boiling in a test-tube, and add sulphy- 
drate of ammonium (App., § 17), little by little, to the boiling 
liquid as long as a precipitate continues to be formed. To 
make sure that the precipitation is complete, shake the hot 
contents of the test-tube strongly, and then allow the mixture 
to settle until the upper portion of the liquid becomes clear. 
Into this clear portion let fall a drop of sulphydrate of am- 
monium ; when this drop produces no additional precipitate, 
tiie precipitation is complete. Filter off the whitish precip- 
itate of sulphide of zinc, and preserve the filtrate for fhrther 
treatment. It sometimes happens that this precipitate refiises 
to settle and leave the upper portion of the liquid sufficiently 
clear to test in the manner described above ; in this case a 
small portion of the mixture may be filtered and a drop of 
sulphydrate of ammonium added to the clear filtrate in order 
to determine whether the precipitation is complete. If not, 
the filtered liquid must be returned to the fiask and more of 
the reagent added. 

The element zinc, representing a new class of elements, is 
precipitated under the conditions of the above experiment, 
because its sulphide, though soluble in dilute acids, is insolu 
ble in alkaline liquids. The metals manganese,'nickel and 
cobalt resemble zinc in this respect, and these four elements 
therefore form a new class. Class Y, in this analytical method. 
The representative sulphide of this class was not precipitated 
by the sulphuretted hydrogen when that reagent was em- 
ployed to throw down the members of the Classes II and HI, 
because the solution was at that time acid; Again it was 
not precipitated with Class IV by the ammonia-water, because 
the sulphuretted hydrogen with which the solutioft had pre- 
viously been charged, was expelled by boiling before the 
ammonia-water was. added. The complete treatment of 
Class y forms the subject of Chapter VI. 
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11. Definition of Class VI. — Add to the filtrate from 
Class V, two or tiiree teaspoonftils of carbonate of ammo- 
nium (App., § 18) and boil the solution. A white precipitate 
of carbonate of calcium will be produced. After boiling, 
allow the precipitate to settle until the upper portion of the 
liquid is comparatively clear. To this clarified portion add a 
iVesh drop of carbonate of ammonium. If this drop produce 
an additional precipitate, more carbonate of ammonium must 
be added, and the boiling repeated. To the partially clarified 
liquid add again a drop of carbonate of ammonium. This 
process of making sure of the complete precipitation of the 
calcium is essentially the same as that prescribed in precip- 
itating the last class, and is, indeed, of general application. 
When the precipitation of the calcium has been proved to be 
complete, filter the whole liquid, and receive the filtrate in a 
small evaporating-dish. Calcium is separated in the form of 
carbonate under these circumstances, because this carbonate 
is almost insoluble in weak alkaline liquids, when an excess 
of carbonate of ammonium is present. The allied elements 
barium and strontium behave in the same way, so, that these 
three elements, viz., barium, strontium and calcium, compose 
a new class — Class YI, whose complete treatment is set 
forth in Chapter VII. 

12. Definition of Class VII. — Of the twenty-two me- 
tallic elements, which were to be classified (§6), only three 
remain, viz., magnesium, sodium and potassium. It is ob- 
vious that these three elements could not have remained in 
solution through all the operations to which the original 
liquid has been submitted, unless their chlorides and sul- 
phides had been soluble in weak acids, and their oxides (or 
hydrates), sulphides and carbonates soluble in dilute am- 
monia-water, at least in presence of dilute^solutions of 
ammonium salts. It is a fact that all these compounds of 
sodium and potassium are soluble in water, and in weak acid, 
alkaline, and saline solutions ; the magnesium would have 

been paitially precipitated in Classes IV, V and VI, but for 

2 



14 8JSPASATI0N OF CLASSES. §§ 12, 13 

the presence of ammoninm salts in the solution. These three 
elements constitute Class VII. 

Evaporate the filtrate from Class VI until it is reduced to 
one half or one third of its original bulk. Pour a smaU 
part of the evaporated filtrate into a test-tube ; add a little 
ammonia-water and a teaspoonful of phosphate of sodium 
(A pp., § 26), and shake the contents of the tube violently. 
Sooner or later a crystalline precipitate will appear. This 
peculiar white precipitate of phosphate of magnesium and 
ammonium identifies magnesium; but as we have added a 
reagent containing sodium, the filtrate is useless for further 
examination. The liquid remaining in the evaporating-dish 
is then evaporated to dryness, and moderately ignited until 
fuming ceases. All the ammoniacal salts which the solution 
contained will be driven off by this means, and there will 
remain a fixed residue, in which are concentrated all the salts 
of magnesium and sodium which the solution contained. In 
this case we have already proved the presence of magnesium ; 
it remains to indicate briefly the nature of the means used to 
detect the sodium. 

Dissolve the residue in the dish, or a portion of it, in three 
or four drops of water. Dip a clean platinum wire (App., 
§ 79) into this solution, and introduce this wire into the 
colorless flame of a gas or spirit-lamp (App., § 74). An 
intense yellow coloration of the flame demonstrates the pres- 
ence of sodium. A violet coloration would have proved the 
presence of potassium. Magnesium compounds, when pres* 
ent, have no prejudicial effect on these characteristic colora- 
tions. The means of detecting each member of this last 
class in presence of the others will be found described in 
Chapter VIII. 

13. A condensed statement of the classification illustrated 
by the foregoing experiments is contained in the table on 
the next page. All the common metallic elements are em- 
braced in it. The place of the precious metals gold and 
platinum is also indicated. The classification itself would 
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16 8EPABATI0N OF CLASSES. §§11, 15 

not be essentially different, if all the rare elements were 
comprehended in it. The general subdivisions would be the 
same, although some of them would embrace many more 
particulars. 

14. It is esaentlal to success to follow precisely the 
prescribed order in applying the various general reagents. 
Class I would go down with Class II, were chlorhydric acid 
forgotten as the first general reagent. Class II would be 
precipitated in part with Class IV and in part with Class V 
if sulphuretted hydrogen were not used in its proper place. 
A large number of the members of the first five classes 
would be precipitated as carbonates with Class VI, were they 
not previously eliminated by the systematic application of 
chlorhydric acid', sulphuretted hydrogen, ammonia-water and 
sulphydrate of ammonium in the precise order and under the 
exact conditions above described. It should be noticed that 
all the general reagents are volatile substances, which can be 
completely removed by an evaporation to dryness followed 
by a very moderate ignition. 

15. The series of experiments just completed is merely 
intended to demonstrate the principles in accordance with 
which these twenty-two common elements are classified for 
the purposes of qualitative analysis. The general plan is 
here sketched ; the practical details, essential to success in 
the conduct of an actual analysis, will be given hereafter. 
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CHAPTER IL 

CIiASS I.-XSI.EM13NT8 TT^HOSB OHIiOBIDES ABIO 01801.17. 

BIiE rcr ^WATSB AISTD ACIDS. 

16. Example of the Precipitation of the Members of 
Class I. -^ Place in a test-tube five or six drops of a tolerably 
concentrated aqueous solution of nitrate of silver (App., 
§ 62), an equal quantity of a solution of mercurous nitrate 
and two teaspoonfuls of a solution of nitrate of lead. In 
case the solution becomes turbid through the action of car- 
bonic acid dissolved in the water, pour in one or two drops 
of nitric acid to destroy the cloudiness. 

Add dilute chlorhydric acid to the solution, drop by drop, 
and shake the mixture thoroughly after each addition of the 
. acid, until the fresh portions of the latter cease to form any 
precipitate on coming in contact with the comparatively clear 
liquor which floats above the insoluble chlorides. Finally, 
add three or four more drops of the acid to insure the pres- 
ence of an excess of it in the solution. 

17. Analysis of the Mixed Chlorides. — The following 
method of separating the chlorides of lead, silver and mer- 
cury, one from another, depends upon the facts : — 1st. That 
chloride of lead, though but little soluble in cold water, dis- 
solves readily in boiling water, while chloride of silver and 
eubchloride of mercury (mercurotis cMnide^ HgaClg), are as 
good as insoluble in that liquid ; 2d. That chloride of silver 
is soluble in ammonia-water ; and 3d. That mercurous chlo- 
ride is discolored by ammonia-water without dissolving. 

To effect the separation : — Collect upon a filter the pre- 
cipitate produced by chlorhydric acid, allow it to drain, and 
rinse it with a few drops of cold water. Place a clean test* 
tube beneath the funnel which contains the filter and precipe 
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itate, thrniit^ glass rod through the apex of the filter, and 
wash the pirecipitate off the filter into the test-tube by means 
of a wash-bottle which throws a fine' stream. 

Heat the mixture of water and precipitate to boiling, then 
allow the precipitate to settle and pour off the hot liquor 
upon a new filter, taking care to retain the precipitate as far 
as possible in the tube. To the clear filtrate add two or 
thi'ee teaspoonfhls of dilute sulphuric acid. (App., § 9.) A 
wliite cloud of sulphate of lead will be formed in the midst of 

Test ^^^ liquid. In case the precipitate contains a large 
for proportion of chloride of lead, it may happen that 

^^- the hot water will take up so much of it that crystals 
of the chloride ^will separate from the clear aqueous solution 
as it becomes cold, or that the liquor wUl be rendered cloudy 
by the deposition of numerous small particles of the chloride. 

Pour a fresh quantity of water upon the precipitate which 
was retained in the test-tube, boil the mixture and, after 
allowing the precipitate to subside, pour the nearly clear 
liquid upon the same filter as before. This operation of boil- 
ing the precipitate with successive portions of water is per- 
formed in order to insure the complete removal of the chloride 
of lead ; the liquid is filtered through the same filter in order 
to retain any particles of the precipitate which fail to settle 
in the jtube, but it is not necessary to save this wash-water as 
most of the chloride of lead was obtained in the filtrate from 
the first boiling. 

After the mixed precipitate of chloride of silver and mer- 
onrous chloride has been thus boiled with water several times, 
cover it with several teaspoonfuls of ammonia-water, heat the 
mixture to boiling, and pour it upon the filter used in the last 
paragraph : the filtrate is to be received in a clean test-tube. 
The chloride of silver, dissolved by the ammonia-water, will 
pass into the filtrate, while the mercurous chloride suffers de- 
composition, and is converted into an obscure* compound of 
mercury, chlorine, nitrogen and hydrogen, which remains 
upon the filter in the form of an insoluble black or gray 
^owder. 
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To confirm the presence of silver, add to the filtrate dilute 
niti'ic acid (App., § 5), ontil the solution will redden litmus 
paper : the chloride of silver is reprecipitated un- rp^g^; 
changed as soon as the alkaline solvent is neutral- for 
(zed. Ag. 

To confirm the presence of mercury, the metal itself may 
be set free by heating the dry residue with carbonate of so- 
dium (App., § 24) in a glass tube. To ensure the success of 
this experiment, wash into the lowest point of the filter the 
whole of the black residue. As soon as the last drops of 
(iquid have drained from the filter, dry the latter, either in a 
dish upon a water-bath, or by spreading it open upon a ring 
of the iron stand (App., § 76) placed high above a small 
flame of the gas-lamp. When the precipitate is completely 
dry, scrape it from the paper, mix it with an equal rp^^ 
bulk of carbonate of sodium previously dried over for 
the gas-lamp on platinum foil (App., § 79) and ^8- 
transfer the mixture to the bottom of a glass tube. No. 4 
(App., § 82), closed at one end. Then wipe out the inside of 
the tube with a tufb of cotton fixed to a wire, or with a 
twisted slip of paper, and heat the closed end of the tube 
for two or three minutes in the flame of a gas-lamp. A sub- 
limate of finely divided metallic mercury will form upon the 
walls of the tube ; it will cohere to visible globules when 
scratched with a piece of iron wire. 

18. An outline of the operations described in the forego- 
ing paragraphs may be presented in tabular form, as fol- 
lows : — 



The General Reagent (HCl) of Class I precipitates PbClj, AgCl 
and HgtClt. When the precipitate is boiled with water : — 



FbCl, goes into 
solution. Con- 
firm presence of 
lead by precipita- 
tion of sulpliate 
of lead. 



AgCl and Hg2Cls remain undissolved. On 
treating the mixture with ammouia -water : — 



AgCl dissolves. 

Contirm presence of 

silver with nitric 

acid. 



A bluck compound of Hg 
remains undissolved. Con- 
firm presence of Hg by 
isolating the metal. 
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19. In the actual analysis of a solution of unknown com- 
position, a precipitate might under certain circumstances be 
formed on the addition of chlorhydric acid, even in the ab- 
sence of all members of Clas^ I. This might occur in case 
the liquid under examination contained a hyposulphite ; for 
this class of salts is decomposed, with evolution of sulphu- 
rous acid and deposition of sulphur, on the addition of the 
general reagent HCl of Class I. Some sulphides also are 
decomposed by chlorhydric acid, with deposition of sul- 
phur. A gelatinous white precipitate of hydrated silicic acid 
might also be formed at this stage in certain circumstances, 
as will be explained hereafter (§§ 69 & 86, 1, o, a). 
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CHAPTER ni. 

CIiASS n.-EIi'BMEirFa T^HOSB SITLFHIDES AHE INSOIi. 
UBIiE IN T^ATEB, DIZiUTE. AOID8 AND AIiKAIiIES. 

20. Example of the Precipitation of the Members of 
Glass II. — Place in a small beaker a half teaspoonful 
of a solution of each of the following substances : — mercuric 
chloride {corrosive sub imate), chloride of bismuth, of cad- 
mium, and of copper, together with two or three teaspoonfuls 
of a cold aqueous solution of chloride of lead. Fill the 
beaker half full of water, and add, drop by drop, enough 
strong chlorh3'dric acid to redissolve the basic chloride of 
bismuth which the water precipitates. 

Heat the liquid in the beaker nearly or quite to boiling, then 
place the beaker beneath a chimney or in a strong draught 
of air, and saturate the solution with sulphuretted hydrogen 
gas. To determine when enough sulphuretted hydrogen has 
been passed through the liquid, remove the beaker every four 
or five minutes from the source of the gas, blow away the gas 
which lies in the beaker above the liquid, and stir the latter 
thoroughly with a glass rod. If, after the lapse of two or 
three minutes, the liquid still smells strongly of sulphuretted 
hydrogen, it is saturated with the gas and ready to be filtered. 
But in case no persistent odor of sulphuretted hydrogen is 
observed, the gas must be passed anew through the liquor 
until it has become fully saturated. Since some of the sub- 
stances above enumerated are thrown down more quickly by 
sulphuretted hydrogen than the others, it is absolutely neces- 
sarj*^ to employ the reagent in excess in order that those mem- 
bers of the class which are least easily precipitated may not 
escape detection. 

21. Analysip of the Mixed Sulphides. — The following 
method of separating the members of Class 11 depends upon 
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the facts : — Ist. That mercuric sulphide is insoluble in hot 
dilute nitric acidf while the other sulphides are converted 
thereby into soluble nitrates. . 2d. That sulphate dPlead is 
insoluble in acidulated water, while the sulphates of the other 
members of the class are soluble. 3d. That hydrate of bis- 
muth is insoluble in ammoniarwater, while the hydrates of 
cadmium and copper are soluble in that liquid: 4th. That 
hot dilute sulphuric acid converts the sulphide of cadmium 
into the soluble sulphate of cadmium while sulphide of copper 
is not affected by this reagent. 

To effect the separation: — Collect the precipitated sul- 
phides upon a filter ; wash the precipitate thoroughly with suc- 
cessive portions of water until the wash- water is no longer acid 
to litmus paper; transfer the precipitate to a small porce- 
lain dish, pour upon it four or ^ve times as much dilute nitric 
acid as would be sufficient to cover it, and boil the mixture 
during two or three minutes, stirring it constantly with a 
glass rod, and adding water or dilute nitric acid at intervals 
to replace the liquid which evaporates. All the sulphides 
with the exception of the sulphide of mews^ry are decomposed 
and the several elements go into solution as nitrates ; the 
sulphide of mercury, mixed with some free sulphur resulting 
from the decomposition of the other sulphides, remains undis- 
solved, as a heavy dark-colored mass. Decant the nitric acid 
solution into a filter, collect the filtrate in a second porcelain 
dish, and evaporate it nearly to dryness in order to drive off 
the greater part of the free nitric acid before examining it for 
the elements supposed to be contained in it. 

The residue insoluble in nitric acid which was left in the 
first dish, is to be washed with wfroer in order to remove the 
adhering solution. This may generally be done by pouring 
water into the dish, allowing the precipitate to settle and then 
decanting the wash-water; it is sometimes necessary, how- 
ever, to collect the precipitate on a filter and wash in the 
ordinary manner. In either case the wash-water is thi 
away and the precipitate is boiled in the porcelain disl 
as much aqua regia ( App , § 6) as will barely co^ 




§ 21 8EPABATI0K OF MEROUBT. 23 

Dilute the acid solution obtained with an eqnal vulnme of 
water, remove from it, by filtration or otherSTse, any particles 
of free sulphur which may remain undissolTect, and add to it 
almost, but not quite, enough ammo ui a- water to neutralize 
its acidity. In case of the accidental addition of too much 
ammonia- water, manifested by the appearance of a precipi- 
tate aud by the alkaline reaction on litmus, the solution must 
be made just acid by the cautious addition of nitric acid, a 
drop at a time. Place in the slightly acid solution a small 
bit of bright copper wire, aud observe that metallic mercury 
ia deposited upon the copper as a white silvery coating. After 
the lapse of ten or fifteen minutes, dry the wire upon j.^^ 
blotting paper, drop it into a narrow glass tube which tm 
haitJiDpn sealed at one end, and heat it at the lamp. ^S- 
Metallic mercury will sublime, and be deposited as a dull 
mirror upon the cold portions of the glass. By scratching 
the sublimate with the point of a bit of iron wire, the metal 
may be made to collect into visible globules. 

When .the greater part of the free nitric acid has, by the 

aforesiud evaporatiot^been driven off fh)m the filtrate which 

contaius the mixed nitrates of lead, biamuth, cadmium and 

copper, transfer the residuSi liquor to a test-tube, f^,^ 

mix it with two or three times its volume of dilute for 

anlphurio acid, and leave the mixture at rest during ^b* 

fifleen or twenty minutes. Sulphate of lead will be thrown 

down as a wtiite powder, plainly to be seen in the test-tnbe, 

tiiough it would have been scarcely visible in the white dish. 

Collect the filtrate from the sulpbate of lead in a small 

it ammoaia-water by repeated small por- 

atir the nqu id thoroughly after each addi- 

I, until a strong, persistent odor of the 

The hydrates of copper, cadminm, and 

,hrown down at first, but the hydrates of 

will redissolve in the excess of ammonitv- 

)f bismuth will alone be left as an insoU 

able precipitate. The bine color of the solution is due to the 

prfsence Qt copper. If in the case of the actua^ezamination 
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of a solution of unknown composition no precipitate falls on 
the addition of ammonia-water, this does not prove the 
absence of copper and cadmium, as* the hydrate! may be 
dissolved by the ammonia-water as fast as formed, and thus 
escape observation. 

To prove that the precipitate contains bismuth : — Collect 
it upon a filter, allow it to drain, and dissolve it in the small- 
est possible quantity of strong chlorhydric acid poured drop 
by drop upon the sides of the filter ; carefully evaporate the 

Test *^^^ solution to the bulk of two or three drops, and 
for pour it into a large test-tube nearly full of water* 

Bi. A dense, milky cloud of ins iluble basic chloride of 
bismuth will appear in the water. Since sulphate of lead is 
not absolutely insoluble in water which contains nitric Vnd, a 
slight precipitate of hydrate of lead might be produced on 
the addition of the ammonia- water even when no bismnth was 
present in the solution. To prove the presence of bismuth, 
the oxy chloride must always be carefiilly tested for. It is to 
bd remarked that if the amount of hydrate of bismuth is in 
any case small, considerable care must bo exercised in appl}^- 
ing the confirmatory test. In such a case the basic chloride 
may appear as white threads marking the path of the heavier 
liquid through the water, and gradually producing more or 
less turbidity throughout the whole mass of the water. 

The blue color of the ammoniacal filtrate from the hydrate 
of bismuth indicates* the presence of copper, and when well 
defined is of itself a sufl3cient proof of the presence of this 
element. But in the absence of a marked blue coloration, at 
this stage, copper should be specially tested for in the mati«^ 
ner described below. 

To separate the cadmium from the copper, proceed as fol* 
lows: — Transfer the ammoniacal filtrate to a glass flask, 
heat it to boiling, and drop into the boiling liquid suiphydrate 
of ammonium as long as a precipitate continues to be formed. 
In order to be sure that the precipitation is complete, remove 
the flask from the lamp at intervals, shake it strongly, and 
How its contents to settle, so that a cjomj^atiyeljr clejir 
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liquid may appear at the top, and into this clear liquid pour 
a drop of the sulph3'drate. 

As a general rule, tke operations of boiling and agitating 
tend to increase the coherency of precipitates, and tg render 
them in some sense granular, so that they separate completely 
from the liquid in which they form, leaving it clear and sus- 
ceptible of rapid filtration. 

Collect the precipitate upon a filter, rinse it once or twice 
with water, and allow it to drain ; then transfer the precip- 
itate to a porcelain dish and cover it liberally with dilute 
sulphuric acid (App., § 10), made by mixing ode pai*t by meas- 
ure of the strong acid with five parts of water. Heat the mix- 
ture until it actually boils ; then pour the boiling liquor upon 
a filter, and collect the clear filtrate in a beaker. By hot 
dilute sulphuric acid of the prescribed strength, sulphide of 
cadmium is converted into sulphate of cadmium which dis- 
solves in the acid liquid, while the black sulphide of copper 
remains intact. It is essential that the mixed precipitate of 
sulphide of copper and sulphide of cadmium do not remai|l 
upon the filter for any great length of time ; for in such' a 
case the sulphide of copper might be^me partially oxydized 
and dissolve in the dilute sulphuric acid, along with the 
sulphate of cadmium, thus obscuring the test for the latter 
element. 

To prove the presence of cadmium, add ammonia-water to 
the acid filtrate until the liquid is alkaline ; then add Te^t 
sulphydrate of ammonium, and observe that the '«»^ 
liquid immediately becomes cloudy* from the pres- * 
ence of minute particles of sulphide of cadmium of charac- 
teristic yellow color. After some time this precipitate will 
collect at the bottom of the liquid. 

To prove the presence of copi)er, in case no blue coloration 
was visible in th^ filtrate from hydrate of bismuth, transfer 
the black precipitate, insoluble in dilute sulphuric acid, to an 
evaporating-dish, dissolve it in a few drops of boiling, concen- 
trated nitric acid, remove and wash the spongy mass of sulphur 
^hich is set &^e, n^\itraliz§ the nitric acid with anmiouia- 
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water, acidify the solution with acetic acid (App., § 12), 
transfer it to a test-tobe, and add one or two drops of a 
solution of ferrocyanide of potassium (App., § 33). A pe- 

Test culiar reddish-brown precipitate of ferrocyanide of 
for copper will fall in case much copper be present, and 

^^ even when the proportion of copper in the solution 
is extremely small, a light brownish-red cloudiness will be 
produced. 

In the absence of copper, yellow sulphide of cadmium 
would at once be thrown down by the sulphydrate of ammo- 
nium, when this reagent is added to the filtrate from the hy- 
drate of bismuth ; and no further evidence of the presence of 
cadmium would be required. 

22. The operations above described may be presented iu 
tabular form as follows : — 



The General Reagent (H^S) of Class II precipitates HgS. PbS, 
BisSs, GdS aDd CuS (a8 well as members of Class III, which 
are subsequently separated by solution In sulphydrate of sgdlum). 
The precipitate is boiled with nitric acid : — 



A residue of 
HgS, mixed 
with S, re- 
mains. 

Confirm 
presence of 

Hg with 
copper wire. 



Pb, Bi, Cd and Gu go into solution as nitrates. 
On adding dilate sulphuric acid to the concentrated 
solution : — 



PbS04 is 
thrown 

down. [Con- 
firm the 

presence of 

Pb by Cx.n- 
verting 

PbS04 into 
PbCr04.3 



The sulphates of Bi, Cd and Cu remain 
in solution. On adding an excess of 
ammonia- water : — 



Hydrate of 
Bismuth is 

thrown 
down. Con- 
firm Bi by 
precipitat- 
ing the oxy- 
chloride. 



Compounds of Cd and of 
Cu remain in solution. 
Throw down CdS and 
CuS with (NH4) HS, and 
boil with dilute sulphuric 
acid : — 



CdS04 goes 
into solu- 
tion. Con- 
firm pres- 
ence of Cd 
by precipita- 
tion of CdS. 



CuS remains 
undissolved. 
Confirm pres- 
ence of Cu 
by testing 
with ferrocy- 
anide of po- 
tassium* 
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23. The Method of Separating Class I from Class II has 
already been particularly described in § 6. It should be ob- 
served, however, that even if no member of Class I were 
present in the mixture to be analyzed, it would still be neces- 
sary to acidulate the liquid with chlorhydric acid, before pass- 
ing the sulphuretted hydrogen, in order to prevent the precipi- 
tation of members of Classes IV and V, and to secure the 
complete precipitation of members of Class III. 

The liquid should be watched attentively when the stream 
of sulphuretted hydrogen first begins to flow through it, since 
useful inferences may often be drawn from the various phe- 
nomena which present themselves. 

a. Thus, the formation of a white precipitate which after- 
wards changes to yellow, orange, brownish-red, and finally to 
black, as the liquid gradually becomes saturated with the gas, 
mdicates the presence of mercuric chloride. The white pre- 
cipitate at first formed is a compound of chloride and sul- 
phide of mercury (HgCl92HgS), but by the action of succes- 
sive portions of sulphuretted hydrogen, the composition and 
appearance of the precipitate is changed, until it has been 
completely converted into black sulphide of mercury. It is 
important that the mercury should be completely converted 
into sulphide as the compound just mentioned is soluble in 
nitric acid ; the result is rendered more certain if the solution 
be warmed before being treated with sulphuretted hydrogen. 

h. If the precipitate is of a dull red color at first, after- 
wards changing to black, the probable presence of lead is 
indicated ; for sulphuretted hydrogen throws down from solu- 
tions which contain much free chlorhydric acid a red com- 
pound of chloride of lead and sulphide of lead, which is 
afterwards decomposed, with formation of the black sulphide, 
when the solution becomes saturated with the gas. 

c. A decided bright yellow precipitate would indicate the 
presence of cadmium, arsenic or tin ; of these three, cadmium 
is distinguished by the fact that its sulphide remains undis- 
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solved when the precipitate is treated with sulphydrate of 
sodium to separate the members of Class III. 

But even from solutions which contain no members of 
Classes II or III, yellow- white or milky-white precipitates of 
free sulphur are often thrown down; for sulphuretted 
hydrogen is easily decomposed, with deposition of sul- 
phur, by a variety of oxidizing agents, such as nitric, 
chromic and chloric acids, and solutions of ferric salts and of 
free chlorine. If the solution under examination contained 
much nitric acid, sulphuretted hydrogen would have to be 
passed through it for a long time to destroy the acid, before 
the liquid could be saturated with the gas. In this case the 
sulphur separates as a tenacious mass of dirty yellow color ; 
but in most instances, notably when the solution contains a 
ferric salt, the sulphur is precipitated in the form of exceed- 
ingly minute particles, which impart to the solution a pecu- 
liar milkiness or opalescence. These particles are so fine that 
they pass through the pores of filter paper ; they cannot be 
removed by filtration. 

If the original solution contains a chromate, its yellow or 
reddish-yellow color will be changed to green hy the action 
of sulphuretted hydrogen ; for the chromate i? reduced to the 
condition of sesquichloride of chromium : — 

2MCrO4+10HCl+3H,S=Cr,Cl«+3S-h2MOl8-h8H,O. 

The sulphur is set free in the form of the minute white 
particles above described, and remains suspended in the 
green liquid, looking not unlike a green precipitate. 

d. The immediate formation of a black precipitate indi- 
cates the presence of copper or bismuth, and it is to be ob- 
served that either of these black precipitates would obscure 
the colors of the oth^r sulphides of the class, and conceal 
them if present. 

e. If no precipitate appears even when the liquid has be- 
come saturated with the gas, the absence of evtyy member of 
Classes II and III is, of course, to be inferred* 



f 24 29 



CHAPTER IV. 

OI.ASS m. — EIiEMlBNTS VTUOSSl SUIiFHIDISS ABE nrSOIi* 
UBIiE I or WATER OB DIIiXTTE AGIDS, BX7T SOIiUBUES IN 
AliKAIiINE SOLUTIONS. 

24. IBzample of the Precipitation of the Members of 
Glass III. — Place in a small beaker six or eight drops of 
solutions of the chlorides of arsenic, antimony and tin. Pour 
in enough dilute chlorhydric acid to half fill the beaker, and, 
if need be, a sufficient number of drops of strong chlorhydric 
acid to dissolve any cloud of basic chloride of antimony 
which may appear in the liquor. 

Pass sulphuretted hydrogen gas through the solution, in 
the manner described in § 20, until the odor of the gas per- 
sists. Then collect the precipitated sulphides upon a filter, 
and rinse the precipitate once or twice with water. 

In the analysis qf any complex solution of unknown com- 
position which might contain one or all of the members of 
Class III, the sulphides of this class would, of course, all be 
thrown down at the same time as those of Class II. (Com- 
pare §§ 8, 22.) It will be well, therefore, for the sake of 
illustration, for the student to dissolve the present precipitate 
in sulphydrate of sodium in order that he may begin the 
.\p treatment of Class III at the precise point at which this class 
y :>t would be encountered in an actual analysis ; namely, with 
A the sulphides of the class in alkaline solution. To this end, 
allow the washed precipitate to drain, spread out the filter 
upon a plate of glass, scrape the precipitate from the pap^'" 
with a small spatula of platinum, horn or wood, and transfei 
it to a porcelain dish. Pour upon the precipitate two oi 
three times a3 much of a solution of sulphydrate of sodium 
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as would be stftlcient to cover it, and boil the mixture very 
cautiously, so a» to avoid spattering. The precipitate will 
soon dissolve, and no solid matter will be left suspended in 
the solution, excepting a few fibres of the filter paper. It Is 
such a solution as this which in an actual analysis is examined 
for members of Class III. 

25. Analysis of the Mixed Sulphides. — The method 
here given of separating arsenic, antimony and tin depends : 
— 1st. Upon the oxidation of the several sulphides by means 
of nitric acid and nitrate of sodium, and the conversion of 
arsenic into a compound soluble in water while antimony and 
tin are converted into insoluble compounds ; 2d. Upon the 
fact that the tin in the compound thus formed is set free in 
the metallic state when this compound is treated wilh zinc 
and chlorhydric acid, while the antimony under similar cir^ 
cumstances is in part reduced to metallic antimony and in 
part converted into antimoniuretted hydrogen ; 3d. Upon th« 
solubility of tin in strong chlorhydric acid. 

To eflTect the separation ; — Add strong nitric acid to the 
sulphydrate of sodium solution until the reaction is distinctly 
acid ; a precipitate forms which co^si^ts partly of the sul- 
phides of arsenic, antimony and tin, and partly of sulphur 
from the decomposition of the alkaline sulphydrate. Willi* 
out heeding the precipitate which separates, evaporate the 
acid mixture to the bulk of half a teaspoonful ; then add solid 
carbonate of sodium very cautiously until further addition 
^^ causes no further effervescence. Then add half a teaspoonful 
of a mixture of equal parts of carbonate and nitrate of sodium. 
Evaporate to drj^ness with constant stirring, and heat the 
mass until it fuses. Four out the liquid mass, as far as may 
be possible, upon a bit of cold porcelain, and when it lias 
cooled somewhat, .transfer it, together with whatever can tni 
detached from the dish in which the fusij)n was made, to a 
clean mortar and reduce it tp powder. , Return this powdei 
to the porcelain dish and when the dish wfth its copjents is 
perfectly cold pour in sever&l teaspoonfhls of cold water and 
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allow the mixture to stand, stirring it from time to time, 
until that portion of the fused mass which could not be de- 
tached from the dish has softened and is in part dissolved ; 
finally, filter the solution. By the treatment with nitric acid 
and nitrate of sodium the arsenic of the sulphide of arsenic 
has been converted into arseniate of sodium, a compound 
which is soluble in water and which passes into the filtrate 
together with the excess of nitrate and carbonate of sodium 
and some sulphate of sodium formed during the process. 
The antimony has been converted into antimoniate of sodium 
and the tin into the binoxide ; these two compounds, being 
scarcely at all soluble in water, remain on the filter. This 
insoluble residue is examined for antimony and tin in a maur 
ner presently to be described. 

To the filtrate add nitric acid, drop by drop, until tlxa 
liquid shows a faintly acid reaction. If a precipitate appear 
it is probably a hydrate of tin, and its appearance is d^e to 
the fact that the ignition with nitrate of sodium was condfucted 
at so high a temperature that a portion of the nitrate of 
sodium was converted into caustic soda, and this acting on 
the oxide of tin formed a certain amount of soluble stannate 
of sodium. 

The precipitate, if any appear, is to be filtered off and 
added to the insoluble residue which awaits examination. 
To one half of the clear filtrate add ammonia-watier to alka- 
line reaction, then a few drops of a prepared solution T^gj 
of sulphate of magnesium and chloride of ammo- for 
nium (App., §47) and set the mixture aside for ^^' 
twelve hours. The formation of a white, crystalline precip- 
itate of arseniate of ammonium and magnesium is evidence 
of the presence of arsenic. 

To the remainder of the filtrate which contains the arsenic, 
and which should contain the smallest possible quantity of free 
acid, add a small quantity of a solution of nitrate of silver. 
On the isiddition of the nitrate of silver a precipitate generally 
falls even in the absence of arsenic, owing to the fact that 
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the nitrate of sodium used in the fusion generally contains 
some chloride of sodium, and in order that the arsenic 
present may be converted into ar^eniate of silver, a small 
quantity of nitrate of silver must be added, over and above 
that necessary to remove the chlorine present. Four or five 
drops of the solution of nitraji^of silver (App. § 39) will 
usually suffice. /Th^^^mffifsited chloride of silver is to be 
removed by filtration^ . 

To the clear filtrate add a solution of acetate of sodium 
(App. § 27), drop by drop, until the mixture smells of acetic 
acid ; a red or brownish-red precipitate of arseniate of silver 
appears. The acetate of sodium is added because the 
arseniate of silver is soluble in nitric acid, and but sparingly 
soluble in acetic acid, unless it is present in considerable 
excess. On the addition of acetate of sodium to the liquid 
containing free nitric acid, there was formed nitrate of 
sodium, and acetic acid was set free. 

Any precipitate supposed to contain arsenic may be further 
examined by converting the arsenic into a hydrogen con*- 
pound by the method known as Marsh's test. (See Elict 
and Storer's Manual of Inorganic Chemistry, pp. 259, 270 ; 
see also the test for antimony below.) This method is 
applicable to the detection of very minute quantities of 
arsenic. 

The insoluble residue containing antimony and tin, which 
was left on the filter, is washed several times with a mixture 
of equal parts of alcohol and water, and then transferred to 
a test-tube or porcelain dish and warmed with strong chlorhy- 
dric acid. Choose a cork or caoutchouc stopper , provided 
with two holes, which fits accurately the mouth of a wide 
test-tube. Fit a small thistle-tube to one of the holes, and 
to the other a short bent tube drawn to a rather fine open 
point. Put a fragment or small strip of zinc (App , § 56), 
together with a bit of platinum foil into the tube, cover with 
water, close the tube with the perforated stopper and, 
through the thistle-tube add strong chlorhydrie acid in small 
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successive portions. After hydrogen has been generated 
freely during four or five minutes by the mixture in the 
tube, and all the air originally contained in the latter has 
been expelled, light the gas issuing from the pointed glass 
tube, and pour into the thistle-tube, a portion at a time, the 
mixture of strong chlorhydric acid and the residue containing 
antimony and tin, or the solution if the acid has dissolved 
the i-esidue completely. Hold a cold porcelain dish in the 
flame, taking care to shifb the position of the dish frequently 
so that fresh surfaces of porcelain may be exposed to the 
burning gas. If there be really any antimony in the insolu- 
ble residue, antimoniuretted hydrogen will be evolved, to- 
gether with free hydrc^en, and characteristic smoky- rpgg|. 
black spots or stains of metallic antimony will be for 
deposited from it upon the cold porcelain. To be Sb. 
sure that the spots are really composed of antimony and not 
of arsenic, cover them with a solution of bleaching powder 
(h3T)ochlorite of calcium) ; if they are antimony spots they 
will not dissolve, while arsenic spots dissolve at once. (Com- 
pare Eliot and Storer's Manual, pp. 270, 271.) 

In order not to explode the test-tube on lighting the gas, 
the operator must wait patiently for several minutes, until 
all the air has been expelled from the tube. 

The whole of the antimony is not converted by this means 
into antimoniuretted hydrogen ; a portion is reduced to the 
metallic state, and if the evolution has not been too rapid, 
will be found deposited on the platinum foil as a firmly adher- 
ent dark coating or stain. Therefore when the zinc in the 
test-tubes is all or nearly all consumed, transfer the contents 
of the tube to a porcelain dish and examine the platinum 
foil for this indication of the presence of antimony. 

In the operation just performed, the tin which existed as 
oxide has been converted into the metallic state, and now 
awaits examination in the porcelain dish. Remove and rinse 
any zinc, remaining undissolved and carefully decant from the 
dark spongy mass in the dish, the solution with which it ia 



34 



SEPASATION OF TUT. 



§26 



covered and which consists mainly of chloride of zinc. The 
residue ia warmed with strong chlorhydric acid, In which 
the tin dissolves. Pour off the solution of stannous chloride 

Test *^"^ obtained, and add to it two or three drops oJ 
fur a solution of mercuric chloride (corrosive sublimate) 

^°* (App., g 54). A white or gray precipitate of mer- 
cuix)ua chlonde (calomel), often mixed with gray metalli* 



*in8 calomel, de- 
itate with ammo- 
compare p. 18). 
18 may be repre- 



The General Reagent CH,8) of Class ni precipitates Ab,8j, 
8b,Sj, and SnS or SnS„ [Au,S, and [PtS,]. (Ah well as the 
members of Class II, from which Class III Is separated bj solution 
in EUlphydratc of sodinm.) The enlphydrate of sodium solution is 
treated witb nitric acid and nitrate of sodium, anil the mixture 
evaporated and heated to fusion. The fused mass is treated with 



Arseniate of sodium 
(with nitrate of so- 
dium, etc.) goes into 
solution. Confirm pres- 
of As by magne- 
mlxtnre and by the 
silver test. 



Antlmoniate of sodium and oxide of tin 

mam undissolved. Reduce with line 

and HCl in presence of plationm foil. 



Antlmonlnretted hy- 
drogen is formed aud 
anttiDony spots ob- 
tatned. 



Tin is left In the 
metallic state (to- 
gether with some an- 
timony which st^ns 
the foil). Dissolve 
the tin in HCl and 
test with HgC^ 



In the case of mixtnres contidning gold and platinum (see 
§ 13), as well as arsenic, antimony and tin, the gold and 
plalinum would remain with the tin, witliout interfering in any 
way with the separation or detection of either member of tb« 
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class, and when the tin reduced by zinc is dissolved in chlor- 
.hydric acid, the gold and platinum would remair undissolved 
(together with some antimony, if present). Since the sul- 
phides of gold and platinum are both black, while those of 
arsenic and tin are yellow or brown, and that of antimony is 
orange, the presence of any considerable quantity of either 
of the precious metals would be indicated by the black color 
of the class precipitate. 

There are excellent special tests both for gold and for plat> 
inum, by which these elements may be detected even in th« 
presence of all the other metals. Hence it is most conven« 
lent to make special search for them in the original substance, 
by methods to be described hereafter (§ 96, b.), whenever the 
preliminary examination has given reason to suspect the 
presence of either of them. 

27. The method of separating Class II from Class IH 
has been sufficiently described in §§ 8, 24. When members 
of Class II are altogether absent, something may be learned 
from the color of the precipitate produced by sulphuretted 
hydrogen. Thus, t- 

An orange colored precipitate indicates the presence of 
antimony ; 

A bright yellow precipitate, the presence of arsenic ; 

A dull yellow precipitate, white at first, the presence of 
bisulphide of tin (stannic sulphide). 

A dark brown precipitate, the presence of protosulphide of 
tin (stannous sulphide). 

A black precipitate the presence of gold or platinum. 

When, as a result of the preliminary examination (§ 80, 
III, c), there is reason to suspect the presence of mercury 
as a mercuric salt, sulphydrate of ammonium which has be- 
come somewhat yellow from standing, should be substituted 
for sulphydrate of sodium, because sulphide of mercury is 
rather soluble in sulphydrate of sodium. In the event of the 
analysis of an unknown solution, if on the treatment with 
nitric acid of the solution of sulphides in sulol^ydrate of so* 
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tated in combination with members of Class IV, in the form 
of chromite;, ferrite or aluminate of manganese. The general 
scheme for the examination of Class IV, necessarily provides 
for the detection of all the members of the class in the pos« 
sible presence of these extraneous substances. 

29. Example of the Precipitation with Ammonia- 
water. — Pour into a beaker a small teaspoonful of aqueous 
solutions (App., § 62) of sulphate of manganese, common 
alum (sulphate of aluminum and ammonium), <chrome alum 
(sulphate of chromium and potassium), and chloride of iron 
(ferrous chloride). As an example of the substances insolu- 
ble in water which might be present in an acid solution, dis- 
solve in a small amount of boiling chlorhjdric acid, a 
not very large quantity, say ^ half a gramme, of bone-ash 
(phosphate of calcium), and add the solution to those al- 
ready placed in the beaker. Fill the beaker about one third 
full of water, heat the mixture to boiling and add to it two or 
three drops of strong nitric acid to convert the iron into 
ferric salts. Boil the mixture for a minute or two and then 
add, little by little, ammonia-water to the boiling liquor until 
a distinct odor of ammonia is perceptible after the mixture 
has been thoroughly stuTed. 

30. Analysis of the Mixed Precipitate. —The follow- 
ing method of detecting iron, chromium, aluminum (and 
manganese) in the mixed precipitate which may contain all 
of them, together with phosphates and other compounds of 
b^ium, strontium, calcium and magnesium, depends : — 1st. 
Upon the oxidation and conversion of the hydrates of man- 
ganese and chromium into manganate and chromate of sodium 
(or potassium) when fused with a mixture of carbonate of 
sodium and nitrate of potassium ; while the hydrate of alum- 
inum under the same treatment is converted, to a greater or 
less extent, into aluminate of sodium, and the compounds of 
barium, strontium and calcium either remain unchanged or are 
converted into carbonates. 2d. Upon the solubility of the 
chrpmate $md aluminate of sodium (or potassium) in^ water 
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and the insolubility of the carbonates or other compounds of 
barium, strontium and*' calcium which may be present in the 
fused mass. dd. Upon the sparing solubility of chromate 
of lead in acetic acid. 4th. Upon the peculiar green color 
of the manganate of sodium (or potassium). 5th. Upon the 
fact that Prussian blue is formed when a solution of ferro* 
cyanide of potassium is added to the solution of a ferric salt. 
6th. Upon the sparing solubility of the oxalates of barium, 
strontium and calcium in dilute acetic acid. 

The details of the treatment of the precipitate produced 
by ammonia-water, are as follows : — Collect the precipitate 
upon a filter, wash it two or three times with water, and then 
dry it either on the filter or by transferring it to a piece of 
platinum foil or to a platinum crucible (App., § 80) and heat- 
ing over the lamp gently so as to avoid spattering. The dry 
precipitate is mixed intimately (best by rubbing in a mor« 
tar) with five or six times its bulk of a dry mixture of equal 
parts of carbonate of sodium and nitrate of potassium (App., 
§ 3H). The mixture is then fused thoroughly by heating it 
over the lamp either on platinum foil or in a platinum cruci- 
ble. If the amount of the mixture be small, a piece of foil 
answers very well ; larger quantities may be fused in succes- 
Bive portions on the foil, but a small crucible is much more 
convenient. 

K only a manganese compound and no chromium had been 
fused on the foil, the cold mass would have exhibited the 
peculiar bluish-green color of manganate of sodium (or po- 
tassium) owing to the oxidation of a small portion of the 
hydrate of manganese to manganic acid in the presence of 
carbonate of sodium and nitrate of potassium. If only chro- 
mium had been present, the bright yellow color of chromate 
of sodium (or potassium) would have been clearly perceived. 
But from mixtures of the manganate and chromate of sodium, 
(or potassium) in various proportions, different shades of 
green, brownish-green or yellowish-green, will result. When 
iron is present, the red color of its oxide may obscure the 
colors due to manganese and chromium. 
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Place the platinum foil or crucible in a x>orcelain dish, cover 
it with water, and boil the latter until all the soluble matter 
has been dissolved from the foil. Take out the foil, rinse it, 
and throw the contents of the dish upon a filter. The man- 
ganate, chromate and aluminate of sodium pass into the fil- 
trate, along with the excess of the carbonate of sodium and 
nitrate of potassium employed : the filtrate is colored yel- 
low by the chromate. The insoluble residue, in this case, 
consists of the oxides of iron and manganese, together with 
the phosphate of calcium which has not been altered by the 
fksion, and any small portion of carbonate of calcium which 
may have been formed by the decomposition of a part of the 
phosphate. In the case of an actual analysis there might be 
also phosphates, carbonates and other insoluble compounds 
of barium, strontium and magnesium. 

Divide the filtrate from the insoluble residue of the fusion 
into two portions. Carefblly add acetic acid, drop by drop, 
to one of these portions until the liquor exhibits an acid re- 
action, and then add to it two or three drops of a solution of 
acetate of lead (App., § 45). An insoluble precipitate of 
chromate of lead will be immediately thrown down, exhibiting 
a bright yellow color if the reagents be all pure. But if, as 
often happens, the carbonate of sodium, employed as the 

rpeg^ flux, is contaminated with sulphate of sodium^ the 
. for yellow color of the precipitate will tend towards 

Cr. white, in proportion to the amount of sulphate of 
lead which has gone down together with the chromate. A 
pure white precipitate would be no indication of chromium, 
but only of a sulphate in the reagents* 

Acidulate the other portion of the aqueous solution of the 
fhsed sodium (and potassium) coimpounds with dilute chlor- 

Test hydric acid, add ammonia-water to slight alkaline 

for reaction, warm the mixture and leave it at rest for 

AL at least half an hour or, better, over night. After 
the lapse of some time, a characteristic, gelatinous, colorless 
agglomeration of particles of hydrate of aluminum will ap* 
ear at the top or bottom of the liquid. 
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It should be said, that flocks of hydrate of aluminum, when 
diffused through a liquid, are almost transparent enough to 
elude observation. When an acid solution, containing much 
aluminum, is mixed with ammonia-water and warmed, a 
copious precipitate of hydrate of aluminum will appear im- 
mediately, and will often remain floating for some time upon 
the surface of the solution by virtue of bubbles of air en- 
tangled in it. . But since it is not easy to convert the whole 
of the alumina in the original precipitate into soluble alumi* 
nate of sodium, by fusion with carbonate of sodium in the 
method above described, the quantity of the hydrate to be 
thrown down at the final test is often very small, and con- 
siderable time must be allowed, in order that every particle 
of it may separate from the solution, and all the particles 
collect into a single mass. 

To confirm the presence of aluminum, collect the hydrate 
in the point of a small filter and -allow it to drain. Cut away 
the superfluous paper, place that portion of the filter to which 
the precipitate is attached upon a piece of charcoal, and heat 
it intensely in the blowpipe flame. Moisten the residue with 
a drop of a solution of nitrate of cobalt and again ignite it 
strongly. The unfused compound of aluminum, cobalt* and 
oxygen left upon the coal will exhibit a deep sky-blue color *^ 
when allowed to cool. This reaction is useful in distinguish- 
ing the hydrate of aluminum from that of glucinum, an 
element somewhat similar to aluminum though far less 
abundant. Hydrate of glucinum when ignited with nitrate 
of cobalt does not yield a pure blue compound, but only a 
gray mass. 

Return now to the insoluble residue of the fusion with 
carbonate of sodium and nitrate of potassium. If the char- 
acteristic color of the manganate of sodium (or potassium) 
were not distinctly observed at the previous fusion, take 
a small quantity of the insoluble residue and fuse it with 
twice its bulk of a mixture of carbonate of sodium and 
oitmte of potassium upon platinum foil in a stix>ng ozidizhvg 
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blowpipe flame (App., § 78). The peculiar bluish-green 
Test coloration of manganate of sodium will appear in 
for the fused mass, as soon as it has become cold, par- 
^^' ticularly at the edges and thinner portions. In thus 
testing for manganese, it is well to incline the foil, so that por- 
tions of the thoroughly melted mass may flow away fix>m the 
centre of the mixture into thin sheets, in order that the color 
of the manganate may be exhibited in its purity. 

Boil a second small portion of the insoluble residue with a 

little strong chlorhydric acid, dilute the solution with watef , 

and add a drop or two of ferrocyanide of potassium. The 

liquid will immediately become colored with Prussian blue, 

fpggij an indication of the presence of iron. In case much 

for iron be present, the blue color may be too deep to 

^®» be recognized until the liquid has been diluted with 

a large quantity of water. 

Warm another portion of the insoluble residue with a few 
drops of acetic acid, dilute the solution with water and filter 
if anything remain undissolved. To the slightly acid liquid 
add a teaspoonful of a solution of oxalate of ammonium 
(App., § 20). Any compounds of barium, strontium and 
calcium which may have been present in the residue will be 
deposited as oxalates, as the oxalates of these elements are 
but sparingly soluble in acetic acid. In the present case there 
will be a precipitate of oxalate of calcium. Allow the mix- 
ture to stand for some tune and finally collect the precipitate 
on a filter, wash, dry and preserve for future examination in 
connection with Class VI. 

In addition to the elements present in the solution which 
has just been analyzed, compounds of magnesium are also 
under certain circumstances precipitated with the hydrates 
of Class IV. In actual practice, therefore, the remainder of 
the insoluble residue is examined for magnesium, as follows : — 
Heat the mixture strongly on the platinum-foil so as to ren- 
der the oxides of aluminum and iron as insoluble as pos- 
sible, and then treat with dilute chlorhydric acid and warm 
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gently. Without regarding the matter which remains undis- 
solved add to the mixture (which contains in solution, along 
with the magnesium, some iron, aluminum, calcium, etc ) ^ 
teaspoonful of chloride of ammonium, and ammonia- water to 
alkaline reaction. Throw the mixture upon a filter, collect 
the filtrate, and add it to that originally obtained from the 
precipitate of Class IV : this mixed filtrate will be examined 
in duo course (Glass VII) for magnesium. In case the whole 
amount of the residue from the fusion of the precipitate of 
the class with carbonate of sodium and nitrate of potassium, 
be but small, it is well to filter the liquid of the preced- 
ing paragraph which contains the precipitated oxalates of 
barium, strontium and calcium, to evaporate the filtrate to 
dryness and ignite to destroy the oxalic and acetic acids. 
The residue is subsequently treated with chlorhydric acid, 
chloride of ammonium and ammonia, filtered and the filtrate 
added to the filtrate from the original Class IV precipitate. 

31. An outline of the foregoing operations may be tabu 
lated as follows : — 



The General Reagent (rNH4lHO mixed with NH:4C1) of Class 
IV precipitates the h5'ilrate8 of Pe,Cr and Al together with Mn 
(as a chromite, ferrlte or aluminnte), and various phosphates and 
other compounds of Fe, Cr, Al, Ba, Sr, Ca and Mg. The pre- 
cipitate is dried and fhsed with NSsCOa and KNO3; the f\iscd 
mass is treated with water and filtered : — 



Divide the filtrate into two 
portions : — 



Yellow color 
of the solution 
Indicates Cr. 
Confirm Cnby 
precipitation 
of PbCr04. 



Acidulate with 
nCl and add 
(NH4)HO : - 
Colorless floc- 
culent precipi- 
tate proves 
presence of 
Al. 



Divide the precipitate into four 
portions : — 



Test for 

Mnby 

Aising 

with 

Na, 

COsund 

KNO3. 



Test for 
j? e with 
ferrocy- 
uuide of 
potas- 
sium. 



Test for 

Ca, etc. 

by pre- 
cipita- 
ti(»n of 

liie oxa- 
lates 
from 
acetic 

a€ld so- 
lution. 



Elimi- 
nate Mg 
by dis- 
solving 
inHCl 
and re- 
precipi- 
tating 
Class iV 
with 
NH« 
HO 
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In the actual examination of an unknown substance, the 
analysis is somewhat simplified, if the substance be a solid 
soluble in water, or if it be a neutral solution, or if by any 
other means we know that the phosphates, oxalates, etc., men- 
tioned above are absent. The treatment in such a case may be 
simplified by the omission of those operations looking to the 
separation of calcium, barium, etc., from the residue of the 
fusion with carbonate of sodium and nitrate of potassium. 

To determine whether the iron in the substance subjected 
to analysis was originally in the state of a ferric or a feiTOus 
salt, test a small quantity of the original solution with a drop 
of ferricyanide of potassium (App., § 34). The formation 
of Prussian blue proves the presence of a ferrous salt. An- 
other small portion of the original solution, tested with a 
drop of a fcrrocyanide of potassium, would yield Prussian 
blue in case the solution contained a feme salt. In applying 
either of these test0, the blue coloration, indicative of iron, 
is alone to be looked for ; no notice need be taken of other 
colorations, or of precipitates formed by the action of the 
ferri- or ferro-cyanide upon the various metallic salts which 
the solution may contain. The possibility that a ferrous salt 
may have been changed into a ferric during the process of 
getting the original substance, if a solid, into solution, must 
not be lost sight of. 

32. Separation of Class IV from Class HI. The 
methods of eliminating Classes I, II and III from mixtures 
which contain members of these classes as well as of Class 
IV, have already been described in §§ 6 and 8. 

It is essential to the success of the operation that all the 
sulphuretted hydrogen in the filtrate from Classes II and III 
be expelled, for sulphuretted hydrogen precipitates all the 
members of Classes IV and V from alkaline solutions, and 
the filtrate now in question is, of course, made alkaline when 
ammonia-water is added to it. The conversion of the iron 
into a ferric salt (by means of nitric acid) is necessary be- 
cause ferrous hydrate is somewhat soluble in ammonium-salts. 
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and could not, therefore, be precipitated completely by am- 
moniarwater in the acid filtrate from Classes II and II I. 

No matter what the condition of the iron may have been in 
the original solution, it is reduced to the state of ferrous salts 
by sulphuretted hydrogen. The filtrate from the precipitate 
produced by sulphuretted hydrogen (the general reagent of 
Classes II and III) Bhould, therefore, be placed in a porcelain 
dish, and boiled, until the steam from it ceases to blacken lead 
paper. After the sulphuretted hydrogen has been expelled, 
three or four drops of strong nitric acid must be added to the 
liquid, and the mixture boiled for a moment longer to convert 
the iron into ferric salts. If by accident the student should 
fail to convert the iron entirely to the state of a ferric salt, 
there will be produced a greenish, slimy precipitate of ferrous 
hydrate on the addition of the ammonia-water. Such a pre- 
cipitate must not be confounded with the green hydrate of 
chromium : it should be redissolved in nitric acid and the acid 
solution boiled anew for a few minutes before reprecipitating 
with ammonia-water. 

When all the iron has been converted in the state of a 
ferric salt, a small quantity of a solution of chloride of 
ammonium is added to the boiling liquid, and finally am- 
monia-water, little by little, with constant stirring, until a 
persistent odor of ammonia is perceptible. A large excess 
of ammonia must be carefully avoided, for hydrate of alumi- 
num, being somewhat soluble in ammonia-water, might be 
kept in solution, to the disturbance of the analysis of Classes 
VI and VII. 

It will be remembered that the object of using chloride of 
ammonium is to hold in solution magnesium (of Class VII) 
and the members of Class V. This it does in virtue of the 
fact that the double salts formed by the union of ammonium 
compounds with compounds of the elements in question are 
soluble in water and also in ammonia-water. A considerable 
quantity of the ammonium salt will, of course, be formed in 
any event by the action of the ammonia-water upon the 
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chlorhydnc acid in the solution, but it is best always to add 
a fhrther portion of the chloride as a precautionary measure. 

The following inferences may be drawn from the color of 
the precipitate produced by ammonia-water : — 

A gelatinous, white precipitate indicates aluminum or some 
one of the oxalates, phosphates, etc., mentioned above. 

A grayish-green or grayish-blue precipitate indicates chro- 
mium. 

A reddish-brown precipitate indicates iron. 

If no precipitate is produced by the ammonia-water, all 
the members of Class IV are absent, and the solution may 
at once be tested with sulphydrate of ammonium, the general 
reagent of Class V. 

When the solution contains much chromium, a small por- 
tion of this element is apt to remain dissolved at first in the 
excess of ammonia-water, and to color the solution pink ; but 
by continuing to boil the solution, the color may be made to 
disappear, and the whole of the chromium may be thrown 
down. Care must be taken to replace, by small portions, 
the water driven off by boiling, lest some of the members of 
Class y be converted into insoluble compounds. 

It is to be observed that the legitimate members of Class 
IV cannot be completely precipitated by ammonia-water from 
solutions idiich contain non-volatile organic substances, like 
albumin, sugar, starch, and so forth, or organic acids (such 
as tartaric, citric, oxalic, or even in some cases acetic acid) 
which form soluble double salts by uniting simultaneously 
with the anmionium and one or more of the members of the 
class. The treatment of substances containing organic mat- 
ter will be explained hereafter. (§ 82.) 



{§ 33, 34 CLASS r. 



CHAPTER Vt. 

CliASS v. — BIJBMEirTB WHOSE BUIiFHlDES ABE IKSOIi- 
ITBI.E IN WATEB AND IN SALINE OB AIiKAIiINB 80- 
liXXTIONS. 

33. Example of tlie Precipitation of the Members 
of Class V. — Place in a small glass flask a half teaspoonful 
of aqueous solutions (App., § 62) of the sulphates, nitrates, 
or chlorides of cobalt, nickel, manganese and zinc. Add to 
the mixture five or six teaspoonfuls of a solution of chloride 
of ammonium, as much water, and ammonia-water to alkaline 
reaction. 

Heat the mixture to boiling, and add sulphydrate of am- 
monium to the boiling solution, drop by drop, with frequent 
agitation, as long as a precipitate continues to be formed. 
(Compare p . 1 2 . ) In the present case there are special reasons 
why the precipitate should be boiled and shaken, in order to 
make it compact ; for the sulphides of Class Y, when loose 
and floccnlent, are not only easily acted upon by the air and 
by dilute acids, but are peculiarly liable to pass through the 
pores of filter-paper, and ^aeld muddy filtrates. 

At the best, these sulphides oxidize rapidly when moist, 
with formation of soluble sulphates which are liable to pass 
through the filters and contaminate the filtrates. The analysis 
&f the sulphides should therefore be proceeded with imme- 
diately after the precipitation with sulphydrate of ammonium, 
and should be conducted in such manner that no precipitate 
of a sulphide shall ever be left moist upon a filter more than 
half an hour. 

34. Analysis of the Mixed Shlphides. — The detection 
of the several members of Class V depends : — 1st. Upon 
the ^mpst complete insolubility of the sulphides of cobalt 
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and nickel in cold dilate chlorhydric acid, and the ready soln- 
bllity of the sulphides of manganese and zinc in that liquid. 
2d. Upon the solubility of hydrate of zinc, and the insolu- 
bility of hydrate of manganese, in a solution of caustic soida. - 
3d. Upon the insolubility of sulphide of zinc in acetic acid, 
iu presence of sulphuretted hydrogen. 4th. Upon the pecul- 
iar colors imparted to borax glass by compounds of cobalt 
and nickel dissolved in the glass ; and upon certain other 
special tests to be described directly. 

To effect the separation : — Collect the precipitate upon a 
filter, and rinse it once or twice with water ; spread open the 
filter in a porcelain dish, and cover it with cold dilute chlor* 
hydric acid. Scarcely any of the sulphide of cobalt, or of 
nickel, will go into solution, while the sulphides of manganese 
and zinc will be completely decomposed, and dissolved as 
chlorides. 

Filter the chlorhydric acid solution, pour the filtrate into a 
porcelain dish, and boil it until strips of moistened lead paper 
held in the steam no longer indicate the presence of sulphur^ 
etted hydrogen ; then add caustic soda to the liquid in slight 
excess. A whitish gelatinous precipitate of hydrate of man- 
ganese, insoluble in caustic soda, will be thrown down, to- 
gether with small portions of the hydrates of cobalt and 
nickel, resulting from the partial decomposition of the sul- 
phides of these metals by the chlorhydric acid, while the 
hydrate of zinc at first precipitated redissolves completely in' 
the excess of sqda. It is to be observed that precipitation 
should never be effected in a porcelain dish, since a white or 
transparent precipitate is scarcely visible in a white and 
opaque dish. 

To prove the presence of manganese, collect the precipitate 
upon a filter, allovjr it to drain, and fuse a small portion of it 

Test ^^^ ^ mixtiire of carbonate of sodium and nitrate 

for of potassium upon platinum foil in the oxicKzing 

Miu blowpipe fiame, as directed on p. 42. 

Acidify the alkalin^ filtrate witl^ acetic acid ; then pass sulr 
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phuretted hj'drogen into the liquid. Sulphide of zinc will be 
thrown down as white or dirty white floeculent precipitate. 

To confirm the presence of zinc : — Collect the precipitate 
produced by sulphuretted hydrogen upon a filter and allow to 
drain ; transfer it to a porcelain dish, dissolve it in dilute 
chlorhydric acid, and evaporate the solution almost to dryness" 
on a water-bath (App., § 77). Dissolve the residue in a few 
drops of water, and without heeding the milkiness which the 
presence of particles of free sulphur may produce in it, pour 
this liquid into a test-tube containing two or three teaspoon* 
fhls of a solution of normal chromate of potassium previously 
heated to boiling. A peculiar, yellow, somewhat Test 
floeculent precipitate of basic chromate of zinc will for 
form in the boiling liquid, and will soon subside to 2^« 
the bottom of the tube. The red color of the supernatant 
fluid is due to the formation of bichromate of potassium. 

It is to be observed that in the analysis of mixtures which 
contain no manganese, the precipitate of hydrate of cobalt or 
of nickel, produced by the caustic soda, is usually small and 
sometimes hardly perceptible ; but, no matter how minute the 
precipitate may be, it must always be carefully removed by 
filtration before testing the solution for zinc with sulphuretted 
hydrogen. 

The black residue, insoluble in dilute chlorhydric acid, is 
washed with water and tested for cobalt and nickel, by heat* 
ing successive small portions of it in a bead (§ 89, c.) ^ests 
of borax (App., § 25) in the oxidizing blowpipe for 
flame. If cobalt alone were present, a bright, pure Co&BTi. 
l)lue color would be imparted to the bead. On the other hand, 
if the precipitate was composed solely of sulphide of nickel, 
the borax glass would assume a peculiar reddish-brown color. 
Mixtures of the two sulphides yield beads of various tints, 
according to the proportions of nickel and cobalt contained 
in them. By adding the precipitate to the borax by repeated 
small portions, and fusing the bead anew after each addition, 
it }A often possible t9 obtain first the characteristic color of 
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one of the elements, and afterwards tolerably well defined 
indications of the other. 

The blue color of cobalt can usually be made manifest, 
even in presence of much nickel, by heating the borax bead 
in the reducing blowpipe flame (App., § 78). In the reduc- 
ing flame the reddish-brown color imparted by nickel changes 
to gray, while the cobalt blue remains unaltered. 

In any event, one of the two metals will be detected by 
the blowpipe test, and the subsequent operations can be 
limited to searching for the other. 

To prove the presence of nickel, boil the black residue with 
a few drops of aqua regia in the porcelain dish, and evaporate 
the solution almost, but not quite, to dryness. Add to the 
residual acid liquor, little by little, a strong solution of 
cyanide of potassium, until the reaction of the solution be- 
comes decidely alkaline ; the cyanides of nickel and cobalt 
at first thrown down both redissolved easily in an excess of 
c^'^anide of potassium. Boil the mixture for several minutes, 
adding water by small portions to replace that lost by evap- 
oration. Then add a solution of hj'pochlorite of sodium 
until the liquid, after shaking, smells strongly of it, and boil 
again. The nickel is precipitated as black hydrated peroxide 
(nickelic hydrate, NijHeOe)? while the compound of cobalt in 
solution (cobalticyanide of potassium) is not affected. If 
a light-colored precipitate appears, it may indicate that an in- 
sufficient quantity of hj^pochlorite of sodium has been added, 
and in the case of a solution actually under examination more 
of the reagent should be added before pronouncing nickel 
absent. 

Toconfirmthe presence of cobalt in caseof doubt : — dissolve 
the black residue in a few drops of hot aqua regia, evaporate 
the solution nearly to dryness, pour into the residual solution 
two or three times its own volume of a solution of nitrite ol 
potassium (App., § 37), and add to the mixture concentrated 
acetic acid, until the reaction of the li (uid is strongly acid. 
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Transfer the mixture to a test-tube, and leave it at f^^^^ 
rest during eighteen or twenty-four hours. A beau- for 
tiful, yellow crystalline precipitate of the double ^®* 
nitrite of cobalt and potassium will be deposited sooner or 
later, according to the proportion of cobalt which the solution 
contained. 

On adding caustic soda to the filtrate from the cobalt 
precipitate, hydrate of nickel would be thrown down if pres- 
ent, and the presence of nickel might be confirmed by testing 
this precipitate with borax in the oxidizing blowpipe flame. 

35. An outline of the foregoing operations may be tabu« 
lated as follows : — 



The General Reagont ([HHilHS) of Class V precipitates CoS, 
NiS, HnS and ZnS. Treat the precipitate with dilnte HC 1 : — 



CoS and NiS 
remain andis- 
solved. 

Test for Co 
and Ni with 



MnCls and ZnCls go into solution. Boil, to ex- 
pel HsSy and add NciHo : — 



Hydrate of manganese is 

ho^^^* Jl^ P'^c^P^^^®*^' together with 

aXif neld Jj;«f fndV*'" hydrates of 

pe, wun xi a prove presence of Mn by 

KlU or JUMUr the blowpipe test. 



Hydrate of zinc goes 
intosolation. AddH^S 
to tnrow down ZnS. 

Confirm presence of 
Zn by precipitation of 
the chromate. 



86« Separation of Glass V from Glass IV. — After 
Classes I, II, III and IV have been removed in the manner 
already described (§§ 9, 32), add a single drop of sulphydrate 
of ammonium of good quality (App., § 17) to the filtrate 
from Class IV. If no precipitate is produced, none of the 
members of Class V can be present, and the solution may be 
immediately tested with carbonate of ammonium, the general 
reagent of Class VI. 

If the first drop of the sulphydrate produces a precipitate, 
transfer the mixture to a small flask, heat it until it actually 
boils and add more of the sulphydrate, with the precautions 
enjoined on p. 12 to complete the precipitation. 
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In case the precipitate produced by sulphydrate of am- 
monium is white, the presence of zinc is indicated. 

If it be flesh-colored, or yellowish-white, and becomes 
brown by oxidation when exposed to the air, the presence of 
manganese is to be inferred. 

In case the precipitate is black, either cobalt or nickel, or 
both these elements, are present. Both of them must be 
sought for, whenever the precipitate exhibits any tinge of 
black at the moment of its formatioii. 

As the sulphide of nickel is not absolutely insoluble in 
sulphydrate of ammonium, it not infrequently happens that 
the filtrate from Class V is dark-colored, owing to the presence 
of sulphide of nickel in solution. In such case it is well to 
acidify the liquid with chlorhydric acid, and to collect the 
dark-colored precipitate (which consists of sulphide of nickel 
mixed with free sulphur) on a filter, and to test for nickel 
by means of the borax bead. The filtrate must then be made 
alkaline with ammonia-water before testing for Class VI. 
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CHAPTER Vn. 

GLASS VI.-E]:iEMEirFS WHOSE OABBONATBS ABE INBOIm 
XTBIiE IN -WATEB, AliMO^IA-'WATBa AND SAXJUTB BOXjU- 
TIONS. 

37. Example of the Precipitation of the Members of 
Class VI. — Place in a small beaker a teaspoonfnl of aque- 
ous solutions of the chlorides or nitrates of barium, stron- 
tium and calcium. Add to the mixture two or three 
teaspoonfuls of a solution of chloride of ammonium, enough 
ammonia-water to produce an alkaline reaction, and finally a 
solution of carbonate of ammonium, drop by drop, as long 
as any precipitate continues to be produced by fresh portions 
of this reagent. To determine this last point, heat the mix- 
ture to boiling at intervals, and after boiling allow it to settle, 
until a sufficient quantity of comparatively clear liquid has 
collected at the top of the mixture to permit the application 
of the test. 

38. Analysis of the Mixed Carbonates. — The separa- 
tion of barium, strontium and calcium, one from the other, 
depends : — 1st. Upon the insolubility of chromate of barium 
in dilute acetic acid, and the solubility of the chromates of 
strontium and calcium in that liquid. 2d. Upon the fact that 
sulphate of strontium is almost absolutely insoluble in acidu- 
lated water, while sulphate of calcium, though rather spar- 
ingly soluble in water, is still sufficiently soluble to be kept 
in solution. (See App., § 30.) 

Collect the precipitnte upon a filter, wash it two or three 
times with water, taking care to collect the precipitate at the 
apex of the filter, and dissolve it in acetic acid. The acid 
may be poured into the ffiter as it rests in the funnel, but 
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only a few drops should be used, and the filtrate should be 
poured back repeatedly upon the filter, until all the precipi* 
tate has been dissolved. If the portion of acid at first taken 
becoiAes saturated before the precipitate is entirely dissolved, 
it will be necessary to add an additional small amount. 
Finally rinse the filter with a little water from a wash-bottle 
with small orifice, collect the wash-water with the filtrate, 
and shake the mixture. 

Pour a small portion of the acetic acid solution into a test- 
tube, and add to it a drop of a solution of normal chromate 
of potassium. A pale yellow precipitate falls when barium 
is present, as in this instance ; for chromate of barium is well- 
Test ^^o^ insoluble in acetic acid, especially in presence 
for of saline solutions. In order to separate the whole 
^** of the barium, pour the contents of the test-tube 
into the reserved portion of the acetic acid solution, heat the 
mixture to boiling, and add to it chromate of potassium, until 
no more precipitate falls and the supernatant liquor appears 
distinctly yellow, after having been well shaken and allowed 
to settle. Filter the mixture, and proceed to examine the 
filtrate for strontium and calcium. 

If no barium had been present, no precipitate would have 
been produced by chromate of potassium in the small portion 
of liquid first tested, and it would have been unnecessary to 
mix this reagent with the rest of the acetic acid solution. 
Trouble would thus be saved, as will appear below. 

It sometimes happens that chromate of barium is precipi- 
tated in the form of powder so fine that some particles of it 
pass through the pores of the paper and contaminate the fil- 
trate. Now, in order to detect strontium and calcium it is 
absolutely necessary that this filtrate, although of a bright 
yellow color, should be perfectly transparent and free from 
suspended particles of the barium salt. If then the filtrate 
is at all turbid, it must be poured back repeatedly into the 
and again collected in clean tubes, until the last tract 
badiness has disappeared. 
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To the filtrate from the chromate of barium add ammonia- 
water to alkaline reaction, and carbonate of ammoniom as 
long as a precipitate falls. Heat the mixture to boiling for a 
moment, collect the precipitate upon a small filter, and wash 
it with water, until all the chromate of potassium has been 
removed, and the wash-water runs colorless from the filter. 

Dissolve the precipitate in the smallest possible quantity 
of acetic acid, and mix it with three or four times its volume 
of a solution of sulphate of potassium (App., § 30), made 
of such strength that, though capable of throwing down sul« 
phate of strontium, it cannot precipitate sulphate of calcium. 
Allow the mixture to stand at rest for two hours or more, in 
order that the white powder of sulphate of strontium rpggtg 
may separate completely. Then filter, and to the for 
filtrate add ammonia-water to alkaline reaction, and Sr&Ca. 
half a teaspoonful of a solution of oxalate of ammonium. 
A white precipitate of oxalate of calcium will be immediately 
thrown down. 

Since sulphate of strontium is somewhat soluble in a solu« 
tion of chromate of potassium, the filtrate from chromate of 
barium cannot be examined directly for strontium by means 
of sulphate of potassium. The strontium and calcium are 
consequently reprecipitated as cai*bonates, in order that the 
excess of chromate of potassium may be washed away. The 
operation ser\^es also to collect the strontium and calcium out 
of the mass of liquid in which they have become diffused, and 
to concentrate them to a small bulk. 

It should be observed that, when the proportion of stron- 
tium or calcium in a mixture is small, it often happens that 
the precipitate, produced by carbonate of ammonium in the 
filtrate from chromate of barium, is held in suspension and 
concealed so completely in the yellow liquor, that an unprac- 
tised eye can hardly detect the fact that the liquid has become 
cloudy. That a precipitate has really been formed in such 
cases is easily discovered by throwing a portion of the mix- 
ture upon a filter, and comparing the clear filtrate thus ob< 
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tained with that portion of the mixture which has been lefb 
nnfiltered. 

39- An outline of the foregoing operations may be pre- 
sented in tabular form, as follows : — 



The General Reagent, [NH4]9C03, of Class VI precipitates the 
carbonates of Ba, tSr and Ca. Dissolve in dilute acetic acid, and 
add K,Gr04 : — 



BaGr04 

is thrown 

down 

as a 

yellow 

powder. 



Sr and Ca remain in solution. Add (NH4)HO and 
(NH4)sCOs- Collect and wash the precipitate, and dis- 
solve it in acetic acid. Add dilate KsS04 : — 



SrS04 is 

thrown 

down. 



Ca remains in solntion. Add oxalate of 
ammonium, to precipitate the calcium a^ 
oxalate. 



40. Separation of Class VT firom the Preceding 
Classes. — After Classes I, II, III, IV and V have been sepa- 
rated in the manner already described (§§ 6 to 10), there will 
still always remain to be examined the filtrate from Class V, 
and sometimes a precipitate (§ 30) composed of oxalates of 
barium, strontium, calcium (and magnesium), — in case any 
salt of these elements, insoluble in ammonia-water, has been 
thrown down with the members of Class IV. 

If such a precipitate has been obtained in the analysis of 
Class IV, the oxalic acid contained in it must now be de- 
stroyed, the remainder of the precipitate brought into solution, 
and this solution added to the filtrate from Class V, before 
proceeding to precipitate the members of Class VI. To this 
end, ignite the dry precipitate carefully upon platinum foil, — 
by several successive portions if the precipitate is large, — 
taking care that none of the powder is lefb sticking to the 
paper or lost by dropping it from the foil. At a moderate 
heat the oxalates suffer decomposition, and only carbonates 
or oxides are left upon the foil. Place the foil nnd the residue 
in a small porcelain dish, and dissolve the residue in boiling 
dilute ehlorhydric acid. Add a few drops of chloride of am* 
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moniam to the solution, neutralize the acid with ammonia- 
water, pour the liquid upon a small filter and add the filtrate 
to that obtained from Class V. Then add a solution of car« 
bonate of ammonium to the mixture, and boil it in the man- 
ner described in § 37. 

K there be no precipitate of the oxalates from Class IV, 
the filtrate from Class V will, of course, be treated directly 
with carbonate of ammonium, care being taken to add only 
a drop or two of the reagent, at first, to ascertain whether 
any of the members of Class VI are really contained in the 
solution. 

The solution to which the general reagent carbonate of 
ammonium is added, must contain chloride of ammonium, to 
prevent the precipitation of magnesium as a carbonate, and 
also ammonia- water, to hinder the decomposition of the car- 
bonates of barium, strontium and calcium by the boiling 
chloride of ammonium. But since the excess of ammonia- 
water and the chloride of ammonium, added to the solution 
before the separation of Class IV, are still contained in it, no 
new quantity of either of them need here be added. 

It is to be remembered, in this connection, that the carbon- 
ates of barium, strontium and calcium are all slightly soluble 
in a solution of chloride of ammonium, and that no precipi- 
tate whatever is produced when carbonate of ammonium is 
added to a weak solution of either of the members of Class 
VI, in case a large quantity of chloride of ammonium has 
been previously mixed with it. On this account it is well in 
an actual analysis to concentrate by evaporation the filtrate 
from the Class V precipitate before adding the carbonate of 
ammonium solution, and in some cases, where a very large 
amount of ammonium salts is present, it is well to evaporate 
to complete dryness and then to ignite in order to drive off the 
ammonium compounds. The residue when cold is dissolved 
in a small quantity of chlorhydric acid ; two or three teaspoon- 
fuls of a solution of chloride of ammonium are added, then 
ammonia-water, and, finally, carbonate of ammonium, as in 
§37. 
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In a solation containing traces of barium or strontium these 
elements might fail to be detected, in case the cblorhydric 
acid employed in the process of separating Classes I and II 
was contaminated with sulphuric acid, or in case the original 
liquid contained nitric acid to oxidize a portion of the sul« 
phar of the sulphuretted hydrogen employed to precipitatt 
Class II, or even if the nitric acid, employed to oxidize iron 
in the filtrate from Classes II and III, were added before the 
sulphuretted hydrogen had been expelled. All danger ia 
avoided, however, by using pure chlorhydric acid to precipi- 
tate Class I, and expelling the nitric acid iVom the filtrate by 
evaporating the latter to dryness upon a water-bath, cover- 
ing the residue with pure concentrated chlorhydric acid, again 
evaporating until the mixture becomes dry, and finally dis- 
solving in water acidulated with chlorhydric acid. 
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CHAPTER VIII. 

# 

GLA.8S Vn.— nrOIinDIIS THB BEMAINTDTCi' COMMON EIiE- 
MENTS NOT GOMPBISBD IN THE FBEOBDINa 0LA8SIB8» 
NAMBIiT: MAONffiSIUM, SODIUM AND POTASSIUM. 

41. The Detection of the Several Members of Class 
VII depends : — 1st. Upon the insolubility of a doable phos- 
phate of magnesium and ammonium, and the solubility of 
the phosphates of potassium and of sodium ; and 2d. Upon 
the fact that compounds of sodium and potassium impart 
peculiar colorations to non-luminous flames, like those of 
alcohol and of a mixture of coal-gas and air. 

Prepare a mixture of a small teaspoonful of solutions 
(App., § 62) of almost any one of the salts of magnesium, 
sodium and potassium, and add to the mixture an equal bulk 
of chloride of ammonium. Pour a quarter of the mixture 
into a test-tube and the remainder into a small porcelain dish. 
Add to the contents of the test-tube two or three drops of a 
solution of phosphate of sodium, and as much ammonia- 
water, and shake the cold mixture at frequent inter- rj^^g^ 
yals during one or two hours. A crystalline, white for 
precipitate of phosphate of magnesium and ammo- ^^^ 
nium will appear after a longer or shorter interval, according 
as the original solution was more or less dilute. 

42. Evaporate the contents of the porcelain dish to dry« 
noss, ignite the residue until the chlpride of ammonium has 
been completely expelled, — a point which Will be indicated 
by the cessation of fhming, — allow the dish to cool, and 
pour into it three or four drops of water. 

Carefully clean the loop on a piece of platinum wire by 
washijo^ it repeatedly with water, and finally holding it in 
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the lamp flame ontil the last traces of sodiam compounds are 
rpegi, burned off, and it ceases to color the flame. With- 
for out' touching the loop with the fingers, dip it into 
^^« the aqueous solution in the dish, and again hold it 
in the flame. A bright yellow color will be imparted to the flame 
by the sodium contained in the mixture ; but the color pecu- 
liar to potassium compounds will be invisible, since the yel- 
low color of the sodium overpowers and conceals it. Dip the 
loop a second time in the solution, and again hold it in the 
lamp flame ; but this time look at the flame through a piece 
of deep-blue cobalt glass. This cobalt glass is the ordinary 
blue glass used for stained glass windows ; it is essential that 
the glass should be of moderate thickness, and colored blue 
throughout, not simply " flashed " with blue. The character- 
Test ^^^^^ violet color imparted to a flame by potassium 
for compounds will now be visible, for the blue glass 
^« shuts off completely the yellow sodium light, while 
it permits the free passage of the violet rays. 

Since traces of compounds of sodium and potassium are 
to be found almost everywhere, it is sometimes difficult to 
determine by the foregoing tests whether the substance under 
examination contains one or the other of these elements as an 
essential ingredient, or merely as an accidental impurity. 
It is always possible, however, to separate the sodium or the 
potassium from the other members of the class, and to decide, 
by actual inspection of the isolated compounds, whether one 
or both of these substances is contained in really apprecia- 
ble quantity in the substance subjected to analysis. If only 
potassium is sought for, filter the aqueous solution, last 
mentioned, though a very small filter, add to the filtrate a 
drop or two of chlorhydric acid and several drops of a solu- 
tion of bichloride of platinum (App., § 55). A yellow 
crystalline precipitate of chloroplatinate of potassium will 
separate after some time. Since chloride of ammonium 
would produce a similar precipitate, it is, of course, essentia] 
that the ammoniacal salt should be eiq;>eiled by ignition be- 
fore potassium is tested for. 
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In case sodiam, or both sodium and potassium, be sought 
for, the magnesium must first be got rid of. To this end, 
moisten the dry residue, which contains the qhlorides of mag- 
nesium, of potassium and of sodium, with a drop or two of 
water, mix it thoroughly with an equal bulk of red oxide of 
mercury and ignite the mixture until fuming ceases. The 
chloride of magnesium will be changed to oxide, while the 
easily volatile chloride of mercury escapes : — 

MgClj+HgO-rMgO+HgCl,. 

The ignition should be effected beneath a chimney, or in a 
draught of air powerful enough to carry away the poisonous 
fumes of the corrosive sublimate. Boil the ignited residue 
with a small quantity of water ; separate the insoluble oxide 
of magnesium, together with the excess of oxide of mercury, 
by filtration ; evaporate the filtrate to a small bulk ; throw 
down the potassium as chloroplatinate, collect the latter upon 
a filter, and from the filtrate remove the excess of chloride of 
platinum by means of sulphuretted hydrogen. Filter off the 
sulphide of platinum, and evaporate the filtrate to dryness to 
obtain the chloride of sodium. Or, instead of en^ploying sul- 
phuretted hydrogen, evaporate the filtrate from the chloropla- 
tinate of potassium in a watch glass, at a gentle heat, until the 
liquid begins to become dry at its edges, and then examine it 
with a magnifying glass. Characteristic crystals of chloro- 
platinate of sodium will be seen in the form of long, slendei^ 
prisms or needles of yellow color. 

43. The Isolation of Class VTI, by the removal of the 
preceding classes, has been described in § 12. Care must 
always be taken to concentrate the whole of the filtrate from 
Class VI by evaporation, before testing a portion of it for 
magnesium ; and time enough must be allowed for the mag- 
nesium precipitate to crystallize. . The remainder of the 
filtrate from Class VI must be evaporated to dryness and 
ignited, before testing for sodium and potassium, in order 

that the flame reactions of these elements may not be oon- 
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cealed or obscured by the vapors of ammonium salts, or by 
the combustion of particles of organic matter derived from 
the various reagents which have been added in the course of 
the analysis. 

44. An outline of the methods employed for separating 
the several classes is presented in tabular form on the opposite 
page. The precautions necessary in the consecutive exami- 
nation of an ^^ unknown " solution for the members of the 
various classes have been already given nnder the several 
classes. 
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CHAPTER IX 

OSNXBAIi TB8T8 FOB THB KOK-MBTAIaUO EIiEHBNTS. 

45. The following oommon elements remain to be consid- 
ered : — Sulphor, nitrogen, phosphorus, carbon, boron, silicon, 
chlorine, bromine, iodine, fluorine, oxygen, hydrogen. It is 
obvious that oxygen and hydrogen cannot be directly sought 
for by any analytical process conducted in the wet way. 
These elements are added to the original matter in the water 
or acid which is used as a solvent. The presence of these 
elements is either inferred from the other results of the 
analysis, or forms the object of direct inquiry in the prdimU 
nary treatment^ — that important part of every analysis which 
forms the main subject of Part 11. The remaining elements 
all belong to that class vaguely described as non-metallic; 
they unite with oxygen, hydrogen, or both these elements, to 
form what are commonly called adds. 

As the metallic elements are recognized through familiar 
compounds, hydrates, chlorides, sulphides, or other, so these 
non-metallic elements are identified by working out of the 
unknown mixture their characteristic compounds. These 
compounds are generally salts. But there is one marked 
difference between the search for the metallic and the search 
for the non-metallic elements in the wet way. In the case of 
iron and mercury it is conunonly necessary to determine 
whether the element, if present, exists as a ferrous or ferric, 
as a mercurous or mercuric salt ; but as a rule it is true that 
no question usually arises in connection with the determination 
of a metallic element, except the ftmdamental one of its pres- 
ence or absence in a given solution. The sodium in the three 
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different salts, sulphate, sulphite and hjrposulphite of sodium, 
for example, is detected by one and the same method ; but, 
when the other elements of these salts are sought for, three 
different reactions will occur according to the varying nature 
of the ingredients other than sodium. A sulphate in solution 
gives one set of reactions, a sulphite another, and a hyposul- 
phite a third. It is impoilant to do more than determine the 
mere presence of sulphur and oxygen. We want to know 
whether the sodium salt be a sulphate, sulphite, or hypo> 
sulphite. Analogous questions arise with regard to other 
non-metallic elements ; there is chlorine both in chlorides and 
chlorates, and carbon both in carbonates and oxalates. 
Arsenic, too, may be present in the form of arsenitc or 
arseniate, and these two different kinds of salts exhibit 
many quite dissimilar reactions. 

In the systematic analysis of an unknown substance, the ex- 
amination for the metallic elements by the methods detailed in 
the previous chapter invariably precedes the determination of 
the non-metallic elements. Having ascertained which of the 
metallic elements are present in the substance under examina- 
tion, the analyst tries to identify each class of salts which 
may be present by precipitating, or otherwise making mani- 
fest, some familiar member of that class. Thus he identifies 
sulphates by precipitating sulphate of barium, chlorides by 
precipitating chloride of silver, carbonates by throwing 
down carbonate of calcium, and so forth. The practically 
important inquiry is, how to find means of identifying each 
of the principal classes or kinds of salts. The word " class " 
or ^^ kind " of salts is used in this connection as a collective 
name for all the salts which may be regarded as derived from 
one and the same acid ; thus all sulphates constitute one class 
or kind, all carbonates another, and so forth. The following 
common classes of salts are those for which more or less per- 
fect means of recognition will be given in this chapter : — 
Sulphates, sulphites, hyposulphites, sulphides, arseniates, ar- 
senitcs, phosphates, carbonates, oxalates, tartrates, borates, 
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silicates, chromates, fluorides, chlorides, bromides, iodides, 
cyanides, nitrates, chlorates, acetates. 

No system of successive testing and elimination, analogous 
to that already described for the metallic elements, has been 
devised for the non-metallic constituents of salts. There 
are, indeed, certain so-called general reagents for acids; but 
these reagents are chiefly usefUl to show the simultaneous 
presence or absence of members of several classes of salts, 
and hardly help towards the identification of any individual 
class, except in cases of the simplest sort, in which only a 
single class of salts is represented. 

It sometimes happens that the preliminary examination 
(§ 80, 81) of the substance to be analyzed loads directly to 
some conclusion as to the class of salts in hand. A 
knowledge of the metallic element or elements present is 
moreover in most cases a great help in the determination of 
the other constituents. It is for this reason that the search for 
the metallic elements precedes the examination for the non- 
metallic. A single example will sufficiently illustrate, for the 
present, this important principle, which is of very wide ap- 
plication in qualitative analysis. 

Suppose that the substance under examin<ation is a solid 
which dissolves without difficulty in water and which proves 
to contain barium. From the presence of barium in a com- 
pound soluble in water, it is to be directly inferred that there 
is no sulphate, phosphate, carbonate, oxalate or tartrate in 
the original substance since these barium salts are insoluble 
in water. The list of salts excluded by the demonstrated 
presence of barium would be very long. So it is in greater 
or less degree with many other metallic elements. It is, in- 
deed, no easy matter to make a solution containing even one 
representative of the seven classes into which the metallic 
elements have been divided, because each of these elements, 
except sodium and potassium, when present in a solution 
excludes one or more whole classes of salts. By attending 
to just inferences to be drawn from the quality of the metallic 
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elements, much time will be saved, and the want of a sys- 
tematic procedure in searching for the non-metallic elements 
will be little felt. The presence of the arsenites and arsen- 
iates, of carbonates, chromates, cyanides, sulphides, sulphites 
and hyposulphites will ordinarily be revealed in the course 
of the search for the metallic elements. 

Before giving the special tests by which the above-men- 
tioned classes of salts are identified, we proceed to describe 
certain general tests which are of value, particularly when 
they give negative results. 

46« The Barium Test. — Wlien a solution of chloride 
(or nitrate) of barium is added in suitable quantity to a 
neutral or slightly alkaline solution containing representatives 
of any or all of the following classes of salts, preci[)itation 
usually occurs, for all these salts of barium are insoluble in 
water and alkaline liquids, if no ammonium salts be pres- 
ent: — 

Sulphates, Phosphates, Silicates, 

Sulphites, Carbonates, Chromates, 

Hyposulphites, Oxalates, Fluorides. 

Arseniates, Tartrates, 

Arsenites, Borates, 

If the chloride (or nitrate) of barium fail to produce a 
precipitate under the prescribed conditions, the complete 
absence of all the above thirteen classes of salts is at once 
demonstrated, provided that no ammonium salts be contained 
in the original solution. 

47. IlliLstration of the Barium Test. — Prepare in a 
test-tube a solution containing at once sulphate, phosphate 
and carbonate of sodium ; a very small bit of each salt will 
be sufficient. The solution will be found to bo alkaline to 
litmus paper. Add to it chloride of barium (App , § 43), 
little by little, until a fresh addition of the reagent 
no longer produces an additional precipitate. The white 
precipitate consists of sulphate, phosphate and carbonate of 
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bariam. All the thirteen barium salts which are liable to 
precipitation ander these circumstances are white, with the 
single exception of chromate of barium. The yellow color 
of the chromate of barium (§ 38) distinguishes this one pre- 
cipitate from all the rest. If this color is well marked, the 
presence of a chromate in the original solution (which must 
also have been yellow) may be inferred with certainty. In 
all other cases, however, the precipitate is white, as in the 
present experiment. The next question is, can anything 
further be learned from this white precipitate? 

Add to the contents of the test-tube dilute chlorhydric 
%cid, until the liquid has a decidedly acid reaction to litmus 
paper. An eflfei'vescence indicates the escape of carbonic 
acid, displaced by the less volatile chlorhydric acid. The 
bulky precipitate which the chloride of barium produced will 
in part disappear, but a poHion of it remains undissolved. 
Filter the contents of the tube. The particles of precipitated 
sulphate of barium are so very fine that they often pass 
through the pores of the paper, necessitating repeated filtra- 
tion through the same filter. To the filtrate add ammonia-water 
until the liquid has an alkaline reaction. A precipitate will 
reappear : the phosphate of barium which was dissolved by 
the chlorhydric acid is reprecipitated as soon as the acid 
solvent is neutralized by ammonia-water. 

48. Of all the barium salts which might, in an actual 
analysis, be precipitated under conditions similar to those of 
the preceding experiment, only one, the sulphate of barium, 
is insoluble in chlorhydric and other strong acids. A separ- 
ation of sulphur from a hyposulphite will not be mistaken for 
a barium precipitate (§ 19, p. 20), The fact that any of the 
original precipitate remains undissolved by the chlorhydric 
acid demonstrates the presence of a sulphate. The portion 
of the original precipitate which dissolved in the acid, and 
was reprecipitated by ammonia, consisted in this particular 
experiment of phosphate of barium ; but io an actual analysis 
the possible salts represented would be so numerous as to 
make the indication of but little value. 
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If ammonia-water should cause no precipitation in the acid 
liquid which was filtered from the original precipitate, it must 
not be inferred that the acid of course dissolved nothing. 
The borate, oxalate, arseniate, arsenite, tartrate and iluori le 
of barium are all moderately soluble in solutions of ammo- 
niacal salts, and may not be precipitated on the addition of 
ammonia. Of course, if the original solution contained am- 
monium salts, these six barium salts, if present in small 
quantity only, might fail to be precipitated. In fact, all the 
thirteen above-mentioned barium salts, except the sulphate, 
are more or less soluble in solutions of ammonium salts, so 
that, whenever ammonium salts are known to be present, 
there is really but one perfectly satisfactory indication with 
chloride of barium. The presence of a sulphate is revealed 
by it with certainty, but the results of the other tests must 
be received with some distrust. 

If the original solution be acid, it is necessary to neutralize 
it with ammonia-water before the chloride of barium is added. 
Sometimes a precipitate is produced by the ammonia-water 
so added ; in that case it is necessary to filter and proceed 
with the filtrate, although the ammonia-water may have 
thrown down salts of several of the classes above named, 
such as phosphates, oxalates and fluorides. (See also § 28, 
p. 37.) Even if the ammonia-water produce no precipitate, 
the testing is then performed under the disadvantage of the 
presence of ammonium salts. 

If the original solution contained silver or lead salts, or 
mercurous salts, it would be impossible to use chloride of 
barium and chlorhydric acid as reagents ; they would throw 
uown the chlorides of those metals. Nitrate of barium 
(App., § 44) and dilute nitric acid must then be used. 

The acids added to the precipitate formed by the barium 
salt must be always dilute acids. Chloride and nitrate of 
barium are themselves insoluble in concentrated chlorhydric 
and nitric acids, and if a strong acid were used as a solvent, 
the reagent salt might itself separate from the liqaid. 
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49. The Calcium Test. — Chloride (or nitrate) of cal- 
cium precipitates the same classes of salts as chloride (or 
nitrate) of barium, with the single exception of the chro- 
mates. AVhen aulphatea and all ammoniacal saUs are absent j 
or present only in minute quantities, something may be 
learned by testing a neutral or slightly alkaline solution 
supposed to contain representatives of some of the other 
classes of salts enumerated in § 46, with chloride or nitrate 
of calcium. The calcium salts liable to precipitation under 
these circumstances are all soluble in acetic acid, except the 
oxalate and the fluoride. The precipitate produced by the 
calcium reagent is, therefore, treated with acetic acid ; if it 
completely redissolves, oxalates and fluorides are most prob- 
ably absent. The presence of notable quantities of ammo- 
nium salts renders this test of uncertain value ; because the 
fluoride and many other salts of calcium are soluble in 
solutions of ammonium salts. Since sulphate of calcium is 
sparingly soluble in water and acetic acid, the presence of a 
sulphate, causing precipitalion of sulphate of calcium, ob- 
scures .the reaction for oxalates and fluorides. Nitrate of 
calcium must be used instead of the chloride whenever silver 
or lead salts, or mercurous salts, are present in the solution 
under examination. 

50. Illustration of the Calcium Test. — Prepare in a 
test-tube an aqueous solution of phosphate, oxalate and tar- 
trate of sodium or potassium. A very small quantity of each 
salt will be enough. The solution will be neutral or faintly 
alkaline. Add to this solution a solution of chloride of 
calcium (App., § 42) until the precipitation is complete. 
Collect the white precipitate upon a filter, and, when drained, 
transfer it to a test-tube and treat it with acetic acid. The 
phosphate and tartrate of calcium will redissolve, but the 
oxalate remains untouched. To verify this result, and iden- 
tify each one of the classes of salts present in the original 
solution, special tests, to be hereafter described, must be 
resorted to. 
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51. The Silver Test. — Nitrate of silver prodaces a pre- 
cipitate in neutral or acid solutions iivitli all chlorides, bro- 
mides, iodides and cyanides, and in neutral solutions with 
most of the classes of salts enumerated in § 46. In order to 
obtain the most comprehensive negative conclusion in the 
case that nitrate of silver produces no precipitate, it is nec- 
essary to operate upon a neutral solution. If, on the atidi- 
tion of nitrate of silver to a neutral solution, no precipitate 
appears after the lapse of several minutes, neither chlorides, 
bromides, iodides, cyanides nor sulphides can be present, 
and the absence of sulphites, hyposulphites, carbonates, phos- 
phates, arseniates, arsenites, chromates, silicates, oxalates 
and tai*trates may also be inferred with considerable cer- 
tainty. 

52. IXlustration of the Silver Test. — Prepare in a test- 
tube a weak solution of chloride of sodium, iodide of potas- 
sium, cyanide of potassium and phosphate of sodium. Add 
nitrate of silver (App., § 89) to this slightly alkaline solu- 
tion, until the precipitation is complete. The dense precipi- 
tate is yellowish-white. Tour dilute nitric acid into the 
mixture, until the solution is strongly acid ; shake up the 
contents of the tube thoroughly, and after the lapse of several 
minutes collect the insoluble precipitate on a filter, and 
receive the filtered liquid in a test-tube. 

Neutralize the filtrate with ammonia-water : a yellow pre- 
cipitate of phosphate of silver will reappear. 

Wash the precipitate on the filter thoroughly to free it from 
the superfluous nitrate of silver. Rinse the washed precipi- 
tate into a clean test-tube, decant the water from above it, 
pour over it ammonia-water, and gently heat the mixture. 
The silver precipitate will visibly diminish in bulk, but a yel- 
lowish portion remains undissolved. Filter again, and neu- 
tralize the filtrate with nitric acid ; a white precipitate will 
fall. 

This experiment proves that a portion, but not all, of the 
mixed silver salts wlucb are insoluble ir nitric acid,' are solu 



72 THE SILVEB TEST. § 53 

ble in ammonia-water. The cfdoride^ cyanide and bromide of 
silver dissolve in ammonia-water, the latter with difficulty; 
the iodide remains undissolved. Special tests, hereafter to 
be described, are applied in order to confirm the presence of 
iodine, and to detect each and all of the three substances which 
are liable to be confounded in the white precipitate just men- 
tioned. 

53. In the application of the silver test to the examina- 
tion of a substance of unknown composition, it is, of course, 
most advantageous to work with a neutral solution, as in such 
a case the absence of any precipitate would lead to the infer- 
ence that all the salts mentioned in § 51 are absent : if the 
solution is neutral, the nitrate of silver may be added directly 
to a portion of it. In addition to the classes of salts men- 
tioned in § 51, if the original solution contained any consid- 
erable quantity of a borate, the borate of silver would be 
])recipitated under these conditions ; but a small proportion 
of some borate might escape precipitation. If the original 
solution be acid to test paper, add nitrate of silver to a por- 
tion of it in a test-tube, and then pour in upon the liquid 
some dilute ammonia-water, so gently that the two liquids do 
not mix at once. At some layer near the junction of the two 
dissimilar liquids, the fluid must be neutral. If at that layer 
no precipitate or cloud appear, the twelve kinds of salts above 
enumerated are absent. If the original solution is alkaline, 
dilute nitric acid is to be added in precisely the same manner 
^s the ai^a^onia-water in the opposite case. The neutral 
layer between the two liquids is attentively observed, and the 
absence of any film or cloud therein justifies the same sweep- 
ing conclusion as that above given. 

Some conclusions maypfben be drawn from the color of the 
precipitate produced by nitrate of silver. Chloride, bromide, 
pyanide, oxalate, tartrate, and bprate of silver are white ; 
iodide, phosphate, and arsenite pf silver are j-ellow ; sili- 
pate of silver is yellow or white ; arseniate of silver is 
|)rowmshrred } chromate of silver is purplish-red; sulphide 



§§ 53, 54 THE SILVEn TEST. 73 

of silver is black. When the silver precipitate is white, 
black, or of some obscure, indecisive color, the operations in 
the wet way at this stage should be directed to proving or 
disproving the presence of chlorides, bromides, iodides, cy- 
anides and sulphides. To this end the portion of the original 
solution which has been already tested with nitrate of silver, 
should be made decidedly acid with dilute nitric acid. Of all " 
the silver salts which can be precipitated on the addition of 
nitrate of silver, only the chloride, bromide, iodide, cyanide 
and sulphide can resist dilute nitric acid. If the precipitate 
once formed redissolves completely in nitric acid, no chloride, 
bromide, iodide, cyanide or sulphide was present in the orig- 
inal solution. If, on the contrary, a residue remain, one or 
more of these kinds of salts must have been represented in 
the original solution. If the residue be black or blackish, 
the presence of a sulphide is to be inferred ; if it be white or 
whitish, the absence of sulphides and the presence of a 
chloride, bromide or cyanide is to be infen-ed ; if it be dis- 
tinctly yellowish, an iodide is probably present. When the 
liquid under examination contains a ferrous salt, protochlo-' 
ride of tin, or any other active reducing agent, metallic silver 
is liable to be precipitated as a dark, heavy powder. The 
examination for the metallic element will generally have re- 
vealed the presence of any such agent. 

It is to be remarked that cyanide of mercury does not give 
a precipitate with nitrate of silver. When mercury has been 
detected in the substance under examination, cyanogen must 
be sought for in other ways (§ 58) than this. 

54. Nitrates, Chlorates and Acetates. — It is quite 
clear that no method of precipitation whatever will apply to 
nitrates, chlorates and acetates, since these kinds of salts are 
all soluble. No insoluble nitrate, chlorate, or acetate is 
known. Special tests must be sought for these three classes 
of salts. 
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CHAPTER X. 

BFBGIAIi TB8T8 FOB THE NON-MBTAIiIiIO EIil^UBNTS. 

55. We now proceed to indicate the most available special 
tests for the non-metallic elements and their commonest com- 
pounds. It is noteworthy that the non-metallic elements 
enter into composition under various forms, which produce, 
with one and the same metallic element, various salts. Thus 
within the narrow range of this treatise, sulphur is to be 
sought in sulphides, sulphates, sulphites and hyposulphites ; 
carbon in cyanides, acetates, carbonates, oxalates and tar- 
trates, and arsenic in arsenites and arseniates. The various 
classes of salts will be taken up successively. It should be 
premised that these special tests are sometimes applied to 
the original solution before the precipitation with chloride of 
barium and nitrate of silver, and sometimes diiring or after 
these more general testings. In the first case, the student is 
seeking guidance in the application of the more comprehen- 
sive tests ; in the latter case, he is trying to confirm results 
already almost sure. 

56. EfTerveBcence. — When a solution containing a car- 
bonate, cyanide, sulphide, sulphite, or hyposulphite, or a 
mixture of representatives of some or all of these kinds of 
salts, is treated with chlorhydric acid and then warmed, an 
evolution of gas occurs with more or less effervescence. The 
gases evolved arc all colorless ; but they all have very char 
acteristic odors except carbonic acid, the gas which escapes 
from a carbonate. A cyanide gives off the pungent odor of 
cyanhydric acid. A sulphide yields sulphuretted hydrogen 
r>f familiar presence. SSulphnrous acid escapes from sulphites 
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and hyposulphites alike ; but in the latter ( ase a deposition 
of sulphur makes the liquor turbid. If only one of these 
gases were present, the effervescence and the odor, or the 
absence of odor, would identify it ; but when mixtures are to 
be dealt with, further means of identification are necessary. 

57. Carbonates. — To prove the presence of carbonic 
acid gas, when eflfervescence has occurred, add chlorhydric 
acid, little by little, to the effervescing solution, until the acid 
is decidedly in excess ; meanwhile keep the mouth of the test- 
tube loosely closed with the thumb to promote the accumula- 
tion of the gas evolved. When the tube is supposed to be 
full, carefully decant the gas into a second test-tube contain- 
ing a teaspoonful of lime-water (App., § 41), taking care 
not to allow any of the liquid to pass over with the gas. 
Mix the lime-water and the gas in the second test-tube by 
thorough shaking. A white precipitate of carbonate of cal- 
cium will be produced, if the gas tested is, or contains, car- 
bonic acid. 

If the effervescence is slight, and the quantity of gas 
evolved seems too small to be decanted in this way, dip the 
end of a dark-colored glass rod into lime-water, and thrust 
the moistened end into the test-tube, bringing it close to the 
surface of the fluid. If the gas be carbonic acid, the lime- 
water adhering to the rod will become visibly turbid. 

The student who desires to see the working of this test 
before having occasion to apply it in an actual mialysis, can 
operate upon a morsel of carbonate of sodium dissolved in a 
little water. 

58. Cyanides. — When the smell of the gas which es- 
capes from the solution under examination (§ 56), or the 
qualities of the precipitate with niti^e of silver (§ 55), give 
occasion to suspect the presence of a cyanide, the following 
confirmatory test may be resorted to : — Add to the solution 
supposed to contain free cyanhydric acid; or an alkaline 
Ijyanide, a few drops of a solution containing both a ferrous 
and a ferric salt (a solution of ferrous sulphate which has 
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been exposed to the air, for. example), and a small quantity 
of caustic soda solution. If cyanogen is present, a bluish- 
green precipitate forms, which consists of a mixture of Prus- 
sian blue and the hydrates of iron. Warm the liquid, and 
add to it an excess of chlorhydric acid. The hydrates of iron 
dissolve, but the Prussian blue remains undissolved. 

In case the proportion of cyanogen is small, the precip- 
itated hydrates of iron may conceal the Prussian blue until 
the addition of the acid ; and in the case of mij^ute quan- 
tities the liquid simply appears green after the addition of 
chlorhydric acid, and- it is only after long standing that a 
triflijpg blue precipitate separates from it. 

This test may be well illustrated by means of a small particle 
of cyanide of potassium dissolved in a teaspoonful of water. 

To detect cyanogen in cyanide of mercury, it is necessary 
to precipitate the mercury as sulphide, by means of sulphur- 
etted hydrogen, and to identify the free cyanhydric acid in 
the filtered or decanted fluid. 

59« Sulphides. — Many sulphides give off sulphuretted 
hydrogen when heated with chlorhydric acid. If the quan- 
tity of gas is so small that its odor is imperceptible, the lead 
paper test (§ 32) should be applied. 

When sulphides are dissolved in nitrie acid or aqua regia, 
their sulphur is partly separated in a free state and partly 
converted into sulphuric acid. The free sulphur is identified 
by its color and texture, and by its behavior when burnt. 
The sulphuric acid in the liquid is detected in the usual 
manner (§ 64). 

60. Sulphites. — All the sulphites evolve sulphurous 
acid, without any deposition of sulphur, when treated with 
chlorhydric acid.. The very sharp odor of this gas is enough 
to identify it. 

As has been before stated, ftitrate of silver, produces in 
solutions of sulphites a- white precipitate ; but this precip- 
itate .bljickens-when the liquid is boiled, on account of the 
reduction of silver. 
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When the sulphites are heate^ with strong nitric acid, or 
other powerful oxidizing agent, they^re converted into sul- 
phates without precipitation of sulphur. The sulphates so 
produced may be -identified in the usual way (§ 61). 

61.' Hyposulphites. — The hyposulphites disengage sul- 
phurous acid and deposit sulphur ^hen warmed with chlor- 
hydric aoi^. This decomposition is not immediate if the 
solution be dilute. • 

The precipitate produced in the solution of a hy|K>sulphite 
by nitrate of silver, dissolves again readily in an excess of 
the hyposulphite. On standing, the precipitate of hyposul- 
phite of 'Silver turns black spontaneously, being de^oifiposed 
into sulphide of silver and sulphuric acid. Heating produ<;es 
this effect almost immediately. 

Hyposulphite of sodium is a good salt from which to get 
the above reactions of hyposulphites. 

62* Chromates. — ^Chromium is detected during the ex- 
amination for the metallic elements,.and the analyst generally 
obtains pretty certain evidence concerning the actual con- 
ditidn in which this element enters into the substance 
under examination, whether as chromate or salt of chromium ; 
for the chromates are reduced by sulphuretted hydrogen 
with change of color and deposition of sulphur as stated in • 
§23. • 

To confirm the indications thus obtained, the following tests 
are used : — When acetate of lead (App., § 45) is added to 
a neutral solution of a chromate, yellow chromate of lead 
separates, insoluble in acetic* acid, but soluble in caustic 
soda. 

As has been before stated, *the purplish-red color of chro-. 
mate of alver (§ 53), and the yellow color of chromate of 
barium (§ 48), ^e valuable indications of the presence of a 
chromate. ^ 

A solution of normal chromate of potassium is the best 
substance from which to obtain for the first tim^ the reactions 
of the chromates. 
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63. Arsenites and Arseniates. — The presence or ab- 
sence of arsenic is determined in the search for the metallic 
elements by the tests already given in the treatment of 
Class in. These tests, however, do not indicate which class 
of compounds (arsenic or arsenious) is present In the solu- 
tion under examination. In whatever form present, the 
arsenic would be precipitated as the tersulphide (ASsSs), and 
subsequently converted into an araeniate by flision with ni- 
trate of sodium. Discriminating tests must therefore be 
applied to the original solution. 

The tests by which an arseniate njay be identified have 
already been given (§§ 25, p. 31). It may be remarked far- 
ther that the presence of this class of arsenic compounds 
is often inferred by the length of time required to saturate 
with sulphuretted hydrogen a solution containing arsenic 
acid or an arseniate. The arsenic acid is first reduced to 
arsenious acid and then precipitated ; a separation of sulphur 
accompanies the reduction. 

A solution of an arsenite yields with nitrate of silver a 
yellow precipitate of arsenite of silver under the same con- 
ditions in which an arseniate gives the brownish-red precip- 
itate. The silver test generally serves to distinguish between 
arsenites and arseniates, but circumstances may arise in 
which it would be inapplicable. The following test affords 
further means of discrimination : — 

If to a solution of arsenious acid or an arsenite, caustic 
soda be first added in excess, and then five or six drops of a 
dilute solution of sulphate of copper, a clear bluish liquid is 
obtained, which, upon boiling, deposits a red precipitate of 
suboxide of copper (CiisO), while soluble arseniate of sodium 
is simultaneously produced, and remains in the solution. 
This test is good as a means of distinguishing between 
arsenites and arseniates when no organic matters are con- 
tained in the solution under examination. The qualification 
is necessary, because grape-sugar and many other organic 
substances exercise a like reducing action on copper salts. 
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64i« Sulphates. — The barium test (§§ 46-48) is all mf* 
ficient for the detection of sulphates. The operator should 
make sure that the chlorhydric acid itself contains no sul- 
phuric acid, that an excess of acid is really present, and that 
' the solution is tolerably dilute. Concentrated acids and 
strong solutions of many salts impair the delicacy of the 
reaction. 

65. Fhosphates. — When the previous steps of the anal- 
ysis have proved that the phosphates present in the solution 
under examination are soluble in ammoniacal liquids, and 
that no arsenic acid or arseniates are present, the following 
test will identify a phosphate or free phosphoric acid. 

Add to the solution to be tested a clear mixture of sulphate 
of ms^nesium, chloride of ammonium and ammonia-water. 
. When a phosphate or free phosphoric acid is present, a white, 
crystalline precipitate of phosphate of magnesium and ammo- 
niun; is formed, even in very dilute solutions. Stirring and 
shaking promote its separation. The precipitate dissolves 
readily in acids. 

When arsenic acid or arseniates arc present in the original 
mixture, this test for phosphates can still be applied, if all 
the arsenic be previously removed by precipitation as sulphide 
(§ 24). The magnesium mixture can be used in the filtrate 
from the sulphide of arsenic, after It has been boiled to expel 
the sulphuretted hydi'ogen. 

T)ie-preceding test can only be applied when the phosphate 
present is soluble in ammoniacal solutions. The following 
test is of much more general application ; it can be used in 
presence of arsenic acid, and is applicable to either neutral 
or acid solutions of phosphates ; it is also extremely deli- 
cate. 

When two or three drops of a neutral or acid solution of a 
phosphate (even of iron, aluminum, barium, strontium, cal- 
cium or magnesium [compare § 28]) are poured into a test- 
tube containing four or five teaspoonfuls of a solution of 
molybdate of ammonium in nitric acid (App., § 21), there ia 
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formed in the cold a pale-yellow precipitate which is apt to 
gather upon the sides and bottom of the tube. If the pre- 
cipitate does not appear in a few minutes, a few drops more 
of the solution to be tested may be added. This precipitate 
is soluble in an excess of phosphoric and other acids ; and 
certain organic substances also prevent its formation. A 
yellow coloration of the liquid merely is not enough to prove 
beyond question the presence of a phosphate ; a precipitate 
must be waited for. The yellow precipitate can be easily 
recognized, even in dark-colored liquids, when it has settled. 
The solution to be tested must not be heated, nor must it be 
more than blood-warm. 

Phosphate of sodium is the best substance on which to try 
the test for phosphates. 

66. Oxalates. — The precipitation of white, finely-divided 
oxalate of calcium, by all soluble calcium salts from solutions 
of oxalates or oxalic acid, has been already described (§ 50). 
Even the solution of sulphate of calcium gives this reaction 
with oxalates. 

If oxalic acid, or an oxalate in the dry state, be heated in 
a test-tube with an excess of concentrated sulphuric acid, a 
mixture of carbonic oxide and carbonic acid is set free with 
effervescence; the carbonic acid may be identified by the 
lime-water test ; and if the quantity operated upon is con- 
siderable, the carbonic oxide may be infiamed at the mouth 
of the tube. 

67. Tartrates. — Tartaric acid and the tartrates, when 
heated in the dry state, char, and emit a very characteristic 
odor which somewhat resembles that of burnt sugar. Strong 
sulphuric acid blackens tartaric acid and the tartrates. This 
is the only class of salts among all those within the scope of 
this treatise, which exhibit this carbonization by sulphuric 
acid. 

To confirm the presence of tartaric acid, or a tartrate, in 

any liquid supposed to contain it, a concentrated solution of 

"^ate of potassium is added to the liquid, and the mixture 
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violently shaken. The precipitate, when one forms, is a diffl* 
cultly soluble acid tartrate of potassium. The addition of an 
equal volume of alcohol increases the delicacy of the reaction. 
The more concentrated the solution to be tested the better. 
To prepare the required solution of acetate of potassium at 
the moment of use, rub together in a dish half a teaspoonfhl 
of carbonate of potassium and as many drops of acetic acid 
as will dissolve three quarters of the carbonate ; throw the 
mixture on a small moistened ^ter and use the filtrate. 

Tartaric acid is a good substance from which to get these 
reactions. 

68. Borates. — To confirm the presence of a borate, 
strong sulphuric acid is mixed with the dry substance under 
examination in quantity sufficient M make a thin paste, and 
an equal bulk of alcohol is a^ded to the mixture. The alco- 
hol is then kindled. Boracic acid imparts to the alcohol 
flame a yellowish-green color. The test is made more deli- 
cate by stirring the mixture, and by repeatedly extinguishing 
and rekindling the flame. Copper salts impart a somewhat 
similar color to the flame ; but this metal, if present, may be 
got rid of by sulphuretted hydrogen before testing for boracic 
acid. 

If a solution of boracic acid, or of a colorless borate, is 
mixed with chlorhydric acid to slight, but distinct, acid reac- 
tion, and a slip of turmeric paper is dipped half way into the 
liquid and then dried at 100^ C, the dipped half shows a 
peculiar red tint. This test is delicate, but there are a few 
other solutions which impart, not the same, but somewhat 
similar tints to turmeric paper. The yellow turmeric paper 
used for this test is prepared by steeping narrow strips of 
white paper in a filtered tincture of turmeric root. The dried 
paper should have a fine yellow color. The tincture is made 
by digesting one part of bruised turmeric in six parts of 
warm spirits of wine. 

The reactions of borates may be obtained with a fragment 
of borax* 
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69. Silioates. — The silicates of sodium and potassium 
are the only silicates which are soluble in water. The solu- 
tions of these alkaline silicates are decomposed by all acids. 
If chlorhydric acid is added gradually to a strong solution of 
an alkaline silicate, the greater part of the silicic acid separ' 
ates as a gelatinous hydrate. As a rule, the more dilute the 
fluid, the more silicic acid remains in solution. 

If the solution of an alkaline silicate, mixed with chlorhy- 
dric or nitric acid in excess, be evaporated to dryness, silicic 
acid separates ; if the dry mass be ignited and then treated 
with dilute chlorhydric or nitric acid, the whole of the silicic 
acid remains insoluble in the free state, as a gritty, whitish 
powder, while the other substances dissolve. 

A solution of chloride of ammonium produces a gelatinous 
precipitate in strong and moderately dilute solutions of the 
alkaline silicates. This precipitate is hydrated silicic acid 
containing alkalL 

A solution of waterglass is the best substance in which to 
study the reactions of the silicates of the alkali-metals. 

70. Fluorides. — If a finely-pulverized fluoride is heated 
with concentrated sulphuric acid in a small leaden capsule or 
platinum crucible, fiuorhydric acid is disengaged. 

Coat with wax the convex face of a watch-glass large 
enough to cover the capsule, by heating the glass cautiously, 
and spreading a small bit of wax evenly over it while the 
glass is hot. Trace some lines or letters through the wax 
with a pointed instrument of wood or horn. Fill the hollow 
of the glass with cold water, and cover with it the capsule 
which contains the fluoride mixtiure. Heat the capsule gentlt/ 
for half an hour or an hour. Then remove the watch-glass, 
dry it, heat it cautiously to melt the wax, and wipe it with a 
bit of paper. The lines or letters traced through the wax 
will be found etched into the glass. A barely perceptible 
etching is made more visible by breathing upon the glass. 
If much silicic acid is present, this reaction fails. 

When a fluoride, naturally combined or artificially mixed 
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with silica, is heated with strong sulphuric acid, fluoride of 
silicon is evolved. This reaction is available as a tost fot 
fluorine. 

A mixture of the supposed fluoride and fine dry sand is 
heated in a short, dry test-tube with concentrated sulphuric 
acid. A drop of water, caught in the loop of a clean plati- 
num wire, is held in the mouth of the test-tube. This drop 
of water becomes merely dim, quite opaque, or almost solid 
with silicic acid, according to the quantity of fluoride of 
silicon evolved j&om the mixture. The gaseous fluoride of 
silicon shows white fumes when it comes in contact with moist 
air. If a considerable quantity of fluoride of silicon be 
evolved from the mixture tested, it can be decanted into 
another test-tube, and there shaken up with water. If the 
substance to be tested for fluorine is known to contain silica, 
it is, of course, unnecessary to add sand to it. This method 
applies to all fluorides decomposable by hot sulphuric acid. 
It is evident that this test reversed can be applied to the de- 
tection of silica. 

Fluoride of calcium (fluor-spar) is a good material from 
which to obtain these two tests, for fluorine. 

71. Chlorides. — The following conflrmatory test is ap- 
plied to chlorides in the dry state. 

When a chloride, in powder, is heated in a test-tube with 
*black oxide of manganese and strong sulphuric acid, chlorine 
gas is evolved ; this gas is recognized by its odor, greenish- 
yellow color, and reaction with iodo-starch paper. The gas 
evolved by a chloride gives no colored reaction with starch 
alone ; but when a moistened slip of paper, on which a mix- 
ture of starch paste and iodide of potassium (App., § 38) 
has been spread, is held in an atmosphere or current of chlo- 
rine, the paper is colored blue in consequence of the liberation 
of iodine which the chlorine effects. The yellow color of the 
gas is best seen by looking lengthwise through the tube. 

It is often difficult to obtain black oxide of manganese 
which will not of itself give a reaction for chlorine when 
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treated with pure sulphuric acid. Instead of this reagen &, pure 
bichromate of potassium in powder may be employed. The 
sulphuric acid used should be diluted with an equal bulk of 
water. The action which takes place is similar, except that 
the chlorine is accompanied by chlorochromic acid (CrClOs) 
which in part condenses as a yellow liquid on the sides of the 
tube. The reaction on iodo-starch paper is, however, obtained 
without difficulty. 

Mercurous chloride (calomel) gives no reaction for chlorine 
when treated with binoxide of manganese (or bichromate of 
potassium) and sulphuric acid. The chlorine may be de« 
tccted, however, by treating the salt in powder with zinc and 
dilute sulphuric acid. The mercury is reduced to the metallic 
state and the chlorine goes into solution as chloride of zinc ; 
in this solution the chlorine may be discovered by the ordin- 
ary tests. 

72. Bromides. — The confirmatory tests for bromides de- 
pend upon the setting free of bromine itself. 

Hot nitric acid liberates the bromine from all bromides ex- 
cept those of silver and Inercury. In solutions, the free 
bromine produces a yellow coloration; when set free from 
solid bromides in a long and narrow tube, the brownish-yel- 
low vapors of bromine condense into a liquid upon the cold 
walls of the tube. 

When bromides, in powder, are heated in a test-tube with 
black oxide of manganese (or bichromate of potassium) and 
strong sulphuric acid, brownish-red vapors of bromine are 
evolved. If chlorides are also present, the bromine will be 
mixed with chlorine. 

To identify bromine and distinguish it from chlorine, moist- 
ened starch is brought into contact with the free bromine. A 
yellow or orange-yellow coloration of the starch marks the 
presence of bromine. To apply this test, thrust a rod smeared 
with starch-paste into the tube which contains the bromine 
vapors; or, when greater delicacy is requisite, perform the 
experiment which is expected to liberate bromine in a yery 
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Bmail beaker, and cover this beaker with a watch-glass to 
whose under side is attached a bit of paper moistened with 
starch-paste and sprinkled with dry starch. 

Bromide of potassium is a good substance with which to 
study the tests for bromine. 

73. Iodides. — When an iodide, in the solid form or in 
solution, is heated with strong nitric acid, iodine is liberated 
and sublimes in violet vapors. 

Free iodine in vapor is recognized by the deep blue color 
which it imparts to starch-paste. Vapors may be tested by 
biinging into contact with them a glass rod smeared with thin 
starch-paste, or a slip of white paper on which the paste has 
been spread. 

The best method of detecting iodine in a solution is to add 
a few drops of thin, clear starch-paste to the liquid, and then 
set free the iodine by means of nitrite of potassium (App., 
§ 37), as follows : — The cold fluid to be tested is acidulated 
with dilute chlorhydric or sulphuric acid, after the addition 
of the starch-paste, and a drop or two of a concentrated solu- 
tion of nitrite of potassium is then added. A dark blue color 
will be instantly produced. It is essential that the liquid 
should be kept cool, for the blue coloration is destroyed by 
heat. 

Like chlorine and bromine, iodine is liberated by heating 
an iodide with black oxide of manganese (or with bichromate 
of potassium) and sulphuric acid. The iodine so liberated 
is readay distinguished by the above tests. 

The student can try all these tests for iodine with a small 
crystal of iodide of potassium. 

74. Kitrates. — The preliminary examination generally 
gives warning of the presence of a nitrate : to confirm the pres- 
ence of a nitrate, one or both of the two following tests may 
be used : — 

If the solution of a nitrate is mixed with an equal volume 

of strong sulphuric acid, the mixture cooled in cold water, 

and a concentrated solution of ferrous sulphate then cautiously 

8 
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added to it in snch a way that the two fluids do not mix, the 
stratum of contact shows a purple or reddish color, which 
changes to a brown« If the fluids are then mixed, a clear 
brownish-purple liquid is obtained. The color fades on heat- 
ing. Another way of performing the same test is to drop a 
crystal of copperas into the cold mixture of nitrate and sul- 
phuric acid. There forms around the crystal a dark halo, 
which disappears with a kind of effervescence on the applica- 
cation of heat. It is, of course, essential that the sulphuric 
acid employed for this test should be so free fi*om nitric 
and hyponitric acids, as not itself to give this reaction with 
ferrous sulphate. 

Boil some chlorhydric acid in a test-tube, add to it one or 
two drops of a dilute solution of sulphindigotic acid (App., 
§ 57), and continue the boiling a moment. If the chlorhy- 
dric acid is sufficiently free from chlorine, the resulting liquid 
will be of a faint blue color. If a nitrate, either solid or in 
solution, be added to this liquid and the mixture be again 
boiled, the liquid will be decolorized. This reaction is deli- 
cate; but there are some other substances, especially free 
chlorine, which have a like bleaching effect. 

Nitrate of potassium is a suitable material on which to 
illustrate the tests for nitrates. 

75. Chlorates. — The preliminary examination gives 
warning of the presence of chlorates. 

When a few particles of a chlorate in the solid form are 
covered with two or three times as much strong sulphuric 
acid, and the mixture is gently warmed, the liquid becomes 
intensely yellow, and a greenish-yellow irritating gas of pecu- 
liar odor (hypochloric acid, CIO,) is evolved, which explodes 
with violence at a moderate heat. After this decomposition, 
the gas evolved has the characteristic odor of chlorine. The 
quantity of chlorate operated upon should be very small. 

The solution of a chlorate decolorizes indigo-solution pre- 
cisely like the solution of a nitrate, under like conditions 
(S 74). 
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A chlorate is converted by ignition into a chloride, from a 
eolation of which nitrate of silver precipitates the chlorine. 

Chlorate of potassium iUnstrates very well the reactions of 
chlorates. 

76. Acetates. — When acetates are moderately heated 
with strong salpharic acid, hydrated acetic acid distils from the 
mixtnre, and may be recognized by its pungent odor. 

When an acetate is heated with alcohol and sulphuric acid 
in equal volumes, acetic ether is formed. The agreeable odor 
of this ether is highly characteristic. 

Hot concentrated sulphuric acid produces no blackening 
with an acetate. 

When a few drops of a solution of ferrio chloride (App., 
§ 48), are added to a solution of a neutral acetate, or to a 
solution of an acetate previously neutralized with ammonia, 
the liquid acquires a dark red color, because of the formation 
of ferric acetate. If the liquid contain an excess of the ace- 
tate, a basic acetate of iron is precipitated in yellow flocks 
upon boiling, and the fluid finally becomes colorless. 

Acetate of sodium may be used to show these reactions of 
the acetates. 

76a. Oxides and Hydrates. — In case the substance 
under examination is an oxide or a hydrate, it may in general 
be recognized by the known properties of the oxide or 
hydrate of the metallic element which has been found to be 
present. The hydrates (except of the alkalies) give off water 
when heated, and many oxides and hydrates when heated 
with charcoal in a closed tube give off carbonic acid or car- 
bonic oxide. Peroxides may generally be distinguished by 
their giving off oxygen when heated, or by causing an evolu- 
tion of chlorine when treated with chlorhydric acid. 
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TJ. The sabstance to be examined may be either solid or 
liquid. We shall consider first the treatment of a solid; 
afterwards that of a liqoid. The solid may be a metallic 
substance, that is, a pure metal or an alloy, or it may be a 
salt, mineral, or other non-metallic body. The method of 
procedure differs in the two cases. We shall describe first 
the treatment of a salt, mineral, or other non-metallic sub* 
stance. The two following observations, however, apply to 
all cases. The student should, in the first place, learn as 
much as possible from the external properties of the substance 
to be analyzed, from its color, consistency and odor, if it is a 
liquid ; from its color, texture, odor, lustre, hardness, gravity 
and crystalline or amorphous structure, if it is a solid. By 
attentively observing the characteristics or individual peculi- 
arities of every substance which passes through his hands, 
the student will soon learn to recognize many substances at 
sight, — by far the quickest and easiest way of identifying 
them. Secondly, since the original substance must be several 
times reverted to in order to complete an analysis, the student 
should husband his stock of the substance to be analyzed, 
never employing the whole of it for any single course of ex- 
periment. It is well also to reserve a portion for unforeseen 
contingencies. 
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CHAPTER XI. 

TBHATMSHT or ▲ SAIiT. KINliBAIi, OB OTHBB ITOB 

MBTAIililO SOIiID. 

Qbdeb of Fbocedure. 

78* The general coarse pursued in the analysis of a non« 
metallic solid substance consists, as a rule, in: — 1st. The 
freliminary moamination^ to be presently described ; 2d. The 
bringing the substance into solution ; 3d. The examination 
of the solution obtained for the metallic elements according 
to the methods laid down in Part I, Chaps I-YIII; 4th. 
The application of such general and special tests for the 
non-metallic elements as may not have been rendered un- 
necessary by facts observed during the preceding course of 
the analysis. 

A. PBELIlilKART EXAMINATIOy IN THE DBT WAT. 

79. The preliminary examination in the dry way consists 
essentially of two operations ; the substance is first subjected 
to the influence of heat alone (dosedrtube test^ § 80) ; and 
afterwards a second portion of the substance, or, in some 
cases, the same portion, is exposed to the influence of heat 
and certain reducing agents {reduction test^ § 81). 

80. Closed-Tube Test. — Prepare a hard glass tube 
No. 4 (App., § ^2), about three inches long, and closed at 
one end. Let fall into this tube a minute fragment of the 
solid, or a little of its powder. If the substance be used in 
powder, wipe out the tube with a tuft of cotton on a wire, in 
order that the interior walls of the tube may be clean to 
receive a sublimate. Heat the substance at the end of the 
tube, at first gently in the lamp, but finally intensely at the 
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highest temperature to be obtained with fche Bunsen gas- 
lamp, or iD the blowpipe flame. The following are the most 
noteworthy reactions with the inferences to be drawn from 
them ; it not unfreqaently happens that a single substance 
gives several of these reactions. 

I. Tha substanct blackens^ and gases or vapors are evolved. 
These vapors often have a disagreeable smell, sometimes like 
lihat of burnt sugar, paper, or feathers. Sometimes they 
condense in tarry droplets ; water also condenses on the cold 
part of the tube. These appearances indicate the presence 
of organic substances. 

Now the presence of fixed organic matter interferes with 
the detection of many substances, and it must be destroyed 
before the analysis can be proceeded with- The method 
employed to this end is detailed on page 97; no matter 
whether the substance contain organic matter or not, the 
closed-tube test is immediately succeeded by the reduction test. 

Simple blackening is not proof of the presence of organic 
bodies. Some salts of copper and cobalt, for example, 
blacken through the formation of a black oxide. 

When organic matter is shown to be present, the student 
should look particularly, at the proper stage of the analysis, 
for acetates (§ 67) and tartrates (§ G7) ; but he will not 
forget that there are hundreds of organic compounds which 
are not c<vnprehended in the plan of this treatise. 

II. The substance is not carbmized^ but vapors or gases 
escape from it. The most important are : — 

a. Aqueous vapo"j which condenses in the upper part of 
the tube. Test this water with litmus paper ; if it is alka- 
line, ammonia may be suspected ; if acid, some volatile acid 
(HsS04, HCl, HBr, HI, HPl, HNO3, etc). 

b. Oxfjgen recognized by its relighting a glowing match. 
This gas indicates nitrates, chlorates and peroxides. If the 
heated substance fuses, and a small fragment of charcoal 
thrown in is energetically consumed, the presence of a nitrate 
or chlorate may be assumed. 
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c. H^ponttric addj recognized by the brownish-red coloi 
of the fumes. It results fh>m the decomposition of nitrates. 

d. SiUphurous acid^ recognized by its vjdor. It not un« 
frequently results from the decomposition of sulphates, sul- 
phites and sulphides. 

e. Carbonic acid^ derived from decomposable carbonates, 
and to be recognized hy lime-water (§57). 

/• Cyanogen, derived fh>m decomposable cyanides, and to 
be recognized by its odor, and by the blue flame with which, 
it bums when there is enough of it to be lighted. 

g» Sulphuretted hydrogen, derived from moist sulphides, 
and to be known by its smell. 

h. Ammonia, resulting sometimes from the decomposition, 
of ammoniacal salts. 

III. A sublimate forma beyond the heated portion of the 
tube. The whole of the substance may volatilize. The fol-r 
lowing are the commonest sublimates : — 

a. Sulphur, which sublimes in reddish drops. The sub- 
limate becomes solid and yellow, or ^^ellowish-brown, on 
cooling. 

b. Ammonium salts give white sublimates. 

Test a separate small portion of the original substance fur 
the salts of ammonium, by mixing it in a smal) test-tube with 
an equal bulk of slaked lime and a few drop.^ of water, and 
heating the mixture. Ammonia, when evolved, may be rec-. 
ognized by its smell, and by the white fume produced when 
a rod moistened with a mixture of equal parts of strong, 
chlorhydric acid and water is held above the mouth of the 
tube. Unless the original solid is obviously inalterable by 
heat, it should be invariably tested in this way for ammonium 
salts. 

c. Metallic mercury and some of its compounds The 
metal sublimes in metallic droplets. The two chlorides of 
mercury give sublimates which are white when cold. The 
red iodide of mercury gives a yellow sublimate. The sul- 
phide of mercury gives a dull black sublimate. 
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d. Arsenic and some of Us compounds. Metallic arsenic 
gives a black sablimate of metallic lustre. Arsenious acid 
gives a white sublimate which looks crystalline under a mag- 
nifying lens. The sulphides of arsenic give sublimates whic h 
are brownish-red while hot, but reddish-yellow to red when 
cold ; these sublimates look not unlike that of pure sulphur. 

e, Teroxide of antimony first fuses to a yellow liquid and 
then^ives a white sublimate, composed of needle-like crystals. 

/. Oxalic acid gives a white, crystalline sublimate with 
dense fumes in the tube. 

Other reactions besides those just mentioned sometimes 
occur during the examination of a substance in the closed- 
tube : they are, however, of less importance and, in fact, the 
inferences to be drawn from the appearances already indi- 
cated are of very unequal value. Thus the detection of 
organic matter is of the first importance, because, as has 
been stated, such matters must be got rid of before the 
analysis can be proceeded with. Again the presence, or en- 
tire absence, of ammonium salts should be put beyond doubt 
at this fii'st stage of the examination. Thirdly, the presence 
of mei'cmy, or of mercurous salts, determines the choice of 
the acid solvent in favor of nitric acid, in case water will not 
dissolve the substance under examination (§ 85), and the 
presence of mercuric salts renders necessary the substitution 
of suiphydrate of ammonium for sulphydrate of sodium, as 
the solvent for the sulphides of Class III (§ 27). Accord- 
ingly, it is useful to get information pf the presence of mer- 
cury or its compounds at this early stage of the examination. 
As to the other appearances, they give information which may 
^e convenient, but is never essential for the safe conduct of 
the regular course of analysis. Practically the closed-tube 
test may generally be conducted as follows : — 

The substance is introduced into the tube as stati&d above, 
a strip of moistened litmus paper is folded loosely across the 
mouth of the tube, and the tube heated in the lamp, at first 
very gently. The deportment of the substance is observed 
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nnder the gentle heat at first applied and also as the heat 
increases, the appearance of condensed moisture or of other 
sublimate i^^ looked for, and any action of escaping vapors 
on the litmus paper is noted. Meanwhile the tube is occa- 
sionally removed jfrom the lamp, to see whether any peculiar 
odor of escaping gas may be detected. Finally any water 
which may have condensed in the tube is tested with litmus 
paper. The student should note any other appearances, 
whether mentioned above or not, which manifest themselves 
duiing the examination, as they may serve as corroborative 
tests when the composition of the substance has finally been 
made out with some certainty. 

81. Beduotion Test. — Mix a little of the powder of the 
substance under examination (the bulk of a hemp-seed) with 
an equal quantity of carbonate of sodium, and make the mix- 
ture into a pasty ball with a small drop of water. Select a 
piece of dry, well burned, soft-wood charcoal, and cut out of 
it a rectangular block about 6 inches long, 1^ in. wide, and J 
to f in. thick, having its flat, smooth surface (6 in. by 1} in.) 
at right angles to the rings of growth in the tree. It is this 
surface which is always to be used. A good piece of char- 
coal may be made to serve for many assays by filing off the 
used surface and exposing a new one, but ordinary charcoal 
allows portions of the fiux or even small metallic globules to 
run into its pores or into cracks opened by the heat, and can 
rarely be used with advantage the second time. At a quarter 
to half an inch from the end of the piece of charcoal, scoop 
otit with a penknife a little cavity of the size of half a pea. 
Place the prepared pellet in this cavity, and expose it for 
several consecutive minutes to the reducing fiame of the 
blowpipe (App., § 78). 

Under these conditions, vapors of characteristic odor or 
appearance may be evolved ; some of them will be mentioned 
below. The two objects, however, to which attention is spe- 
cially to be directed, are the residue in the cavity, and the 
bicrostation on the charcoal outside of the cavity. 
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The following metals may be found as fused metallic glob- 
ules in the cavity; lead, silver and gold arc reduced with 
ease, even by an inexperienced operator ; tin and copper with 
some difficulty : — 

a. Gold — a yellow, malleable globule, produced without 

incrustation. 
6. Copper — a red, malleable globule, produced without 

incrustation. 

c. Tin — a bright, white, malleable globule. An incrus- 

tation is simultaneously produced, which is 
faint yellow when hot and white when cold ; 
it immediately surrounds the globule. 

d. Lead — a very fusible and very malleable globule. A 

yellow incrustation is simultaneously pro- 
duced. 

e. Silver — a brilliant, white, malleable globule, produced 

without incrustation. 

Two other common metals, bismuth and antimony, may be 
reduced to gray metallic globules, but these globules are 
brittle, and are not liable to be confounded with the malleable 
globules just described. Bismuth gives a yellow incrustation 
which resembles that of lead. 

Common charcoal is itself very apt to show a grayish in- 
crustation of ash round about the heated assay ; this incrus- 
tation remains unaltered or increases, when directly exposed 
to the flame. The student should test each piece of charcoal 
before the^blowpipe flame, in order that he may not imagine 
a deposit of ash to be an incrustation derived from the sub- 
stance under examination. 

If a distinct globule has been obtained, it must be picked 
out with a pair of jewellers' tweezers, and pounded on some 
smooth and hard body to test its malleability. If it is mal- 
leable, replace it upon the charcoal at an unused spot, and 
heat it strongly with the oxidizing flame. Gold and silver 
globules f\ise, but piaintaln their brilliancy and give no in« 
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crastation ; this proof distinguishes a genuine gold globule 
from a yellow globule composed of an alloy of copper and 
some white metal. A yellow globule composed of oxidizable 
metals tarnishes instantly in the oxidizing flame. A tin. 
globule fuses, but its bright surface is instantly tarnished^ 
and a white incrustation of binoxide of tin is produced 
which cannot be driven off by either flame. A lead globule 
is rapidly converted into litharge, a yellow incrustation being 
produced, which volatilizes with a bluish color when touched 
with the reducing flame. A copper globule is blackened by 
the formation of oxide of copper, and the blowpipe flame is 
tinged with green. 

Certain other phenomena may manifest themselves during 
this experiment for the reduction of malleable metallic glob- 
ales. Sulphur, ammonium salts in general, the chlorides, 
bromides, iodides and sulphides of sodium and potassium, 
the chlorides of lead, bismuth, tin and copper, metallic mer- 
cury, arsenic, antimony and zinc, and many compounds of 
these four elements, are liable to pass off in vapors, which 
are often in part deposited upon the coal at a greater or less 
distance from the hot assay according to their volatility. 
With the exception of sulphur, these sublimates are white^ 
but when deposited in a thin film upon the black coal they 
have a gray or blue appearance. During the production of 
the ai'scnic sublimate a peculiar odor is evolved ; this sub- 
limate being very volatile is only deposited at a considerable 
distance from the assay. The incrustation produced by zinc 
Is distinctly yellow while hot, but turns white on (;ooliug ; it 
settles near the assay and is driven away again with diffi^ 
culty. Nitrates and chlorates generally give warning of their 
presence when heated oh charcoal by causing deflagration. 

These phenomena, with the exception of the reaction of 
the nitrates and chlorates, are of secondary importance ; the 
main object of the experiment is the reduction of the flve 
malleable metals above enumerated. We may thus obtain 
knowledge of the presence of gold (for a con^rmatory te§t, 
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see § 96, & ), a metal not included in our scheme of analysis 
in the wet way. Tin generally gives warning of its pres- 
ence during this experiment; and this warning is of use, 
because it is inconvenient to apply nitric acid as a solvent to 
a substance containing tin, since this reagent converts tin 
into the very insoluble binoxide of tin. The detection of 
copper at this stage is of little advantage The most im- 
portant fact deducible from the reduction test is the presence 
of either silver or lead. In dissolving an unknown sub- 
stance which proves to be insoluble in water, it is customary 
to try, as the second solvent, chlorhydric acid. The chlor- 
ides of silver and lead being insoluble, or difficultly soluble, 
this acid should not be used as a solvent when either of these 
two metals is present. Nitric acid must be used instead. 
Moreover, if the sabstance has already given evidence of the 
presence of organic matter (§ 80), porcelain, and not pla^ 
tinum, must be used as a support in destroying the organic 
matter, as described in the next section, whenever an easily 
reducible metal is present. 

82. Destraction of the Organic Matter. — As already 
stated in § 80, the presence of fixed organic matter interferes 
with the detection of many substances, and it must be de- 
stroyed before the analysis can be proceeded with. A por- 
tion of the original substance, sufficient for the regular course 
of examination for the metallic elements, is ignited in a por- 
celain crucible, with free access of air, or better, on platinum 
foil, if the absence of any easily reducible metal has been 
proved by the reduction test, until all the carbon is burnt out 
of it. This ignition is best performed on successive small 
portions rather than on a large mass at once. 

It is obvious that some inorganic volatile matters may be 
lost during this ignition. Furthermore, some substances, 
especially alumina and chromic and ferric oxides, are made 
very insoluble by ignition. Exceptionally, therefore, the fol- 
lowing process, which is not liable to these objections, is 
employed : — The si^bstaQce iu powder, paste or concentrated 
9 



98 SOLUTION. ; 83 

solation, is heated in an evaporating-dish, with strong nitrie 
acid, to a temperature just below boiling. To this hot mix- 
ture chlorate of potassium, in small bits, is added gradually 
during several minutes or until the organic matter is all 
destroyed. The solution is then evaporated to dryness on a 
water-bath ; the dry residue is moistened with strong chlor- 
hydric acid, the mixture diluted with water, warmed, and 
filtered, if there be any residue. The filtrate is fit for the 
regular course of analysis, except that potassium, having 
been added, must not be tested for in this liquid. The res- 
idue, if any, must be examined for the insoluble chlorides of 
Class I. This process is simply a combustion at a low tem- 
perature. 

The only classes of salts, coming within the scope of this 
manual, which in the closed tube give evidence of the pres- 
ence of organic matter, are the acetates and tartrates. It 
will, of course, be necessary to apply the tests for acetic and 
tartaric acid to a portion of the original substance and not 
to the solution obtained above. But the student will not for- 
get the statement already made in § 80, that the presencie 
of organic matter does.not necessarily imply the presence of 
either acetates or tartrates. 

B. DISSOLTINO A SALT, MINERAL, OB OTHER NON-METALLIC 
SOLID, FREE FROM ORGANIC MATTER. 

83. Before a solid substance can be submitted to the 
systematic course of analysis, it must be brought into solu- 
tion. There is no universal solvent. Different substances 
require different solvents. The four solvents employed in 
qualitative anal\'sis for salts, minerals, and other non-metallic 
solids, are water, chlorhydric acid, nitric acid and aqua 
regia ; and these four liquids are to be tried in the precise 
order in which thoy here stand. Water is always to be tried 
first; to whatever resists water, strong chlorhydric acid is 
applied ; if chlorhydric acid fails to dissolve the solid com- 
pletely, nitric acid is tried, and after nit^ric acid, aqua regia 
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as the last resort. If for reasons stated in § 81, the prelimi- 
nary examination has shown chlorhydric acid to be unsuitable 
as a solvent, nitric acid is tried immediately after water, and 
lastly aqua regia as before. A solid substance should in- 
variably be reduced to a very fine powder, before being sub- 
mitted to the action of solvents (App., § 91). 

84. Dissolving in Water. — About half a thimbleful of 
the powdered substance is boiled with ten times as much 
water in a test-tube. If an effervescence occurs, as is possi- 
ble with mixtures containing an acid salt (j^east-powders, for 
example), the gas evolved should be carefully tested (§ 56- 
61). If the substance dissolves completely, the solution is 
ready for analysis. When undissolved powder remains in 
the tube after protracted boiling, filter a few drops of the 
liquid, and evaporate a drop or two of the filtrate to dryness 
on clean platinum foil, at as low a heat as possible. If there 
be no residue on the foil, or if the residue be scarcely appre- 
ciable, the substance is practically insoluble in water, and 
acids must be tried as solvents. But if, on the contrary, a 
tolerable residue remains on the foil, decant the liquid in the 
tube into the filter, and boil the powder again with water. 
Persevere with this treatment until it is evident that a part 
of the powder is insoluble in water. The insoluble residue 
in the test-tube is filtered off; the clear filtrates, collected 
together and concentrated by evaporation if of unreasonable 
bulk, are to be labelled " H2O Sol." and reserved for the 
regular course of anatysis (§86). In this case, and in the 
still more favorable case in which all the substance has dis- 
solved in water, it is a simple aqueous solution which is sub- 
mitted to analysis. 

85 Dissolving in Acids« — The substance which water 
has failed to dissolve, either in whole or in part, is next boiled 
in a small dish with three or four times its bulk of concen- 
trated chlorhydric acid, unless the tube test (§ 80) or the re- 
duction test (§81) has proved the presence of silver, lead of 
mercury ; in which case nitric acid is the first acid to be tried. 
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If an effervescence occnr, the escaping gas is to be tested, as 
described in §§ 56-61. (See also the last part of § 76a.) After 
boiling the powdered substance with the strong acid, dilute 
the fluid with twice its bulk of water, and repeat the b(Mling 
if any residue remain undissolved. The acid is diluted bo* 
cause, though the substance to be dissolved is best attacked 
in the first instance by strong acid, the salts formed by the 
action of the concentrated acid are more likely to dissolve 
readily in a dilute than in a strongly acid liquor. Not a few 
salts which scarcely dissolve in strong acids, are readily solu- 
ble in the same acids when diluted. If the whole of the 
substance finally dissolves, the solution still farther diluted 
is ready for the transmission of sulphuretted hydrogen (§ 20), 
for it is of course unnecessary to examine it for members of 
Class I. If, on the contrary, an undissolved residue remain 
in the tube, ascertain if anything has dissolved, by carefully 
evaporating two or three drops of the fluid to dryness on 
platinum foil. Should an appreciable residue, in excess of 
that given by two or three drops of the acid employed, re- 
main upon the foil, separate the liquid in the tube from the 
undissolved substance by dccantation or filtration. Reserve 
the solution, labelling it " HCl Sol." 

Rinse the undissolved powder with water, and then boil it 
in an evaporating dish with three or four times its bulk of 
strong nitric acid. If the original substance contains silver, 
lead or a mercurous salt, chlorhydric acid will not have been 
used, and it will be the residue from the aqueous solution, 
which is now to be boiled with nitric acid. In this case, 
effervescence is to be watched for. If the substance dissolves 
completely in the strong acid,* or dissolves, with the exception 
of a light yellow mass of sulphur, which often separates from 
a sulphide, evaporate the liquid to a very small bulk to drive 
ofT the free acid, dilute the evaporated solution with several 
times its bulk of water, separate the sulphur, if necessary, by 
filtration, and reserve the solution, labelling it '•HN'O, Sol." 
If the substance does not completely dissolve in the strong 
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acid, dilute the fluid with twice its bulk of water, and repeat 
the hot ling. If the dilute nitric acid effects complete solution, 
reserve the solution, labellins: it as before, "HNOg Sol." If 
neither the strong nor the diluted nitric acid effects the com- 
plete solution of the substance, ascertain if anything has dis- 
solved in the dilute acid by the usual test on platinum foil. 
If an appreciable residue remain on the foil, separate the 
undissolved solid in the dish from the liquid by decantation 
or filtration, and reserve the solution. 

Boil the powder, which has resisted both acids taken singly, 
with aqua regia. If it dissolves completely, evaporate the 
solution to a very small bulk, dilute the evaporated solution 
largely with water, and reserve it for analysis, labelling it 
" Aq. Reg. Sol.'* It is useless to look for members of Class I 
in such a solution. If, on the contrary, it does not com- 
pletely dissolve after protracted boiling, test the liquor to see 
if anything has dissolved. If an appreciable residue remains 
on the foil, dilute the acid fluid, filter it, reserve the solution 
labelled as before, and wash the undissolved residue thor- 
oughly with water, to prepare it for further treatment (§ 86). 

Certain silicates, when boiled with concentrated acids, are 
decomposed, and gelatinous idlicic acid is separated. This 
happens but rai*ely, however, in the rapid processes of quali- 
tative analysis ; and if it should happen, it is not likely to 
lead the student into error. A residue insoluble in all acids 
will remain ; this residue is, or contains, free silicic acid. 

It must not be supposed that it is common to try all four 
solvents on one and the same substance* Water and ehlor- 
bydric acid are the common solvents ; nitric acid and aqua 
regia are, actually, but seldom resorted to as solvents, except 
for metals (§96). It would require some ingenuity to devise 
an artificial mixture which would put to the test all the capa- 
bilities of the above-described method of bringing solids into 
solution in water and acids. Such mixtures are not met with 
in ordinary experience, it is the object of any method of 
anal^'sis to meet real problems, not artificial complications 
which may be imagined but which do not occur in fact. 
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C« TREATMENT OF THE SOLUTIONS OBTAINED. 

86« Since substances which prove to be insoluble in water 
and in acids must be brought into solution by peculiar 
methods, we proceed to consider first the treatment of the 
solutions already obtained. 

I. An AqneouB Solution. — If the student is assured that 
the unknown substance is a simple salt, he may draw some 
trustworthy inferences from the fact that the substance dis- 
solves in water. Of the salts which fall within the scope of 
this manual, the following are practically soluble in water : 

1. All salts of sodium, and all of potassium and am- 

monium, except tlieir double platinum-chlorides. 

2. AU nitrates, chlorates and acetates. 

3. Chlorides, bromides and iodides, except those of silver 

and mercury, and the double platinum-chlorides of 
potassium and ammonium. (Mercuric chloride is 
soluble. The lead salts are difficultly soluble). 

4. Sulphates, except those of barium, strontium and 

lead. 

5. Many hyposulphites. 

6. The sulphides of sodium, potassium, ammonium, mag- 

nesium, barium, strontium and calcium. 

7. A few cyanides, oxalates, tartrates and chromates, be- 

sides those of the alkali-metals already mentioned. 

It is obvious that any element of the thirty-six considered 
in this treatise, may be present in an aqueous solution ; but 
it is also evident from the above list, that a great number of 
salts are absolutely excluded because of their insolubility in 
water. 

If, on the contrary, there is no certainty that the substance 
under examination is not a complex artificial mixture, few 
conclusions can be safely drawn from the fact that a part of 
it or the whole of it dissolves in water. 

Test the solution with litmus paper. The solution is either 
neutral, acid, or alkaline. 
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a. The solution is neutral. — Th6 normal salts of most 
of the metals have an acid reaction. Sodium, potassium, 
barium, strontium, calcium, magnesium, manganese and silver, 
are the only metallic elements which form salts whose solu- 
tions are neutral. Add to two or three drops of the solution 
a drop or two of carbonate of sodium. If a precipitate 
forma I any of the above mentioned elements may be present, 
and are to be tested for in regular course according to the 
methods of Part I ; if no precipitation ensues, only sodium 
and potassium can be present, and they may be tested for 
directly, as described in Chap. VIII. 

b. The solution is acid. — The acidity may be caused by 
a normal salt having an acid reaction, or by an acid salt. 
Neither carbonates nor sulphides can be present in an aque- 
ous solution with an acid reaction. The solution is to be 
tested for the metallic elements in the usual manner. 

o. The solution is alkaline. — The alkalinity may be due 
to the hydrates, sulphides* cyanides, or carbonates, of the 
metals belonging to classes VI and VII ; to the presence of a 
borate, silicate, phosphate, arseniate or aluminate of sodium 
or potassium ; to free ammonia or to carbonate of ammonium. 
If the alkalinity proceed from an alkaline sulphide, the metals 
whose sulphides are insoluble in water and in alkaline sul- 
phides, must be absent. If it is due to the presence of the 
hydrates or carbonates of the metals of classes VI and VII, a 
very large number of substances are excluded. If it proceed 
from ammonia or carbonate of ammonium, all substances pre- 
cipitable by these reagents are absent. 

An alkaline solution may obviously contain some substance, 
soluble in an alkaline solvent like caustic soda or sulphydrate 
of ammonium, but liable to immediate precipitation when this 
solvent is destroyed by the addition of chlorhydric acid at 
the first step of the analysis. Thus any sulphide of Class III 
dissolved in caustic soda or in an alkaline sulphide, or com- 
pounds of alkaline hydi-ates with the hydrates of aluminum, 
one or chPDmium, would be precipitated when the alkaliue^ 
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BolTent was neutralized. Again, the alkaline solution of a 
silicate of sodium or potassiam, when neutralized with acid, 
yields a very gelatinous whitish precipitate of hydrated silicic 
acid. From a very concentrated solution of a l^prate, boracic 
acid separates in colorless, shining, flat crystals, when the 
solution is acidified with chlorhydric acid ; but the boracic 
acid thus separated dissolves when the solution is diluted. 
Again, (although, of course, this could not happen in the 
case of an alkaline solution actually made by dissolving a 
solid substance in water) chloride of silver dissolved in am* 
monia-water would be thrown down by any acid added in 
excess to the solution. (§ 17, page 19.) 

In view of these possibilities, an alkaline aqueous solution 
should be caredilly neutralized with nitric acid, as a prelimi- 
nary measure, before chlorhydric acid is added to it. Effer* 
vescence should be watched for, and, if it occurs, studied as 
directed in §§ 56-61. Several different cases of precipitation 
may be distinguished, requiring somewhat different treat- 
ment. 

a. If the characteristic gelatinous precipitate of silicic 
acid appears, the acidulated solution must be evaporated to 
dr3^DCss and ignited. 1 he silicic acid is thus rendered in- 
soluble. The ignited residue is digested with dilute nitric 
acid and filtered. The filtrate is. ready for the usual course 
of analysis. The insoluble residue is silicic acid. 

h. If the glistening, colorless plates of boracic acid ap- 
pear, dilution with warm water will cause them to redissolve. 

c. If a precipitate appear on neutralization, whose color 
or texture proves that it is neither silicic nor boracic acid, 
but some substance insoluble in water and dilute acids, thrown 
down in consequence of the destruction of its alkaline sol- 
n ent, the liquid is made slightly acid and then filtered. The 
filtrate is ready for the usual course of analysis. The pre- 
cipitate, rinsed with a little water, is reserved for fhrther 
treatment ; it is not properly a substance soluble in water, 
and ^t must be brought into solution by other methods, here- 
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after to be described. Sometimes a precipitate forms on 
exact neutralization of an alkaline fluid, which redissolves 
when the acid is added in excess. 

H. An acid solution. — Of the three kinds of acid solu- 
tions described in § 85, any one, any two, or all three, may 
be obtained from a single mixture of different solids. There 
is an advantage in knowing that a part of a complex mixture 
is soluble in water, a part in chlorhydric acid, a part in nitric 
acid and a part only in aqua regia ; because this knowledge 
may enable the student, when he has found out all the ele« 
ments of the mixture, to make a more probable guess at the 
manner of their combination in the original mixture, than he 
would otherwise be able to. But it is quite unnecessary to 
keep the three kinds of acid solution apart, when all three 
have been obtained, and to analyze them separately. On the 
contrary, all three shonld be mixed together, and analyzed in 
one course of testing. It must only be borne in mind that 
When lead, silver, or mercurous salts are present, the nitric 
acid solution of the residue from the aqueous solution, will 
give a precipitate of the insoluble chlorides of Class I, on 
being mixed with a chlorhydric acid or aqua regia solution. 

The student must be careful to use no more acid than is 
absolutely essential. Nitric acid, particularly, is very objec- 
tionable; because when ftee it reacts upon sulphuretted 
hydrogen with mutual decomposition, sulphur being set fi-ee. 
It has, therefore, been already prescribed to remove the 
greater part of the free acid by evaporation. Sometimes a 
strongly acid solution becomes turbid when merely diluted 
With water. This phenomenon points to the presence of bis- 
muth or antimony. The turbidity will disappear again on 
the addition of chlorhydric acid. 

The mixed acid solutions, after the filtration from any pre- 
cipitated chlorides of Class I, as first mentioned, are submitted 
to the regular course of analysis for the metallic elements. 

87. Examination of the Solutions for the non-metal 
lio Elements. — As has been already stated hi §45, the 
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examination for the non-metallic elements invariably follows 
that for the metallic elements. The method of procedure is 
usaally as follows : If the substance is soluble in water and 
there is reason to believe that it is not a complex artificial mix- 
ture, but a simple substance, the determination of the metal- 
lic element generally proclaims the absence of certain classes 
of sidts, so that it is very seldom necessary to apply more 
than the barium and the silver tests and a few special tests. 
This will best be illustrated by taking two examples. 

Suppose a homogeneous solid, which dissolves readily in 
water, and which proves to contain strontium. Of the classes 
of salts coming within the range of this manual (see p. 65), 
only the sulphide, chloride, bromide, iodide, cyanide, nitrate, 
chlorate and acetate of strontium are soluble in water ; the 
presence or absence of a sulphide (and probably of a cyanide) 
will have been shown when chlorhydric acid was added to 
precipitate the members of Class I ; the silver test will show 
either the presence or absence of the chloride, bromide, 
iodide and cyanide, and these various classes of salts, if any 
are present, must be distinguished by special tests ; special 
tests must also be applied for nitrates and chlorates and also 
for acetates if the substance blackened in the closed tube. 
In this case, then, the silver test is the only general test 
necessary, and the number of special tests could hardly be 
more than four or five. 

Again, suppose the substance soluble in water proves to 
contain a mercurous salt, the only classes of salts to be sought 
for would be the sulphate (to be decided by the barium test), 
the cyanide, chlorate, nitrate and acetate (to be determined 
by special test). 

If the only metallic element found in an aqueous solution 
were sodium or potassium (or the radical ammonium), it 
would be necessary to look for all the classes of salts enu- 
merated on page 65. In this case the barium test would be 
applied first, then the silver test, then such special tests as 
had not been rendered unnecessary by negative evidence 
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obtained from the general tests. The calciam test would also 
be applied if the barium test had made the presence of an 
oxalate, tartrate or fluoride not impossible. 

In the case of an acid solution the conclusions to be drawn 
from the presence of certain metallic elements are not so gen- 
eral, still in the case of simple substances the absence of cer- 
tain classes of salts will generally be made sure. For example, 
a substance under examination, presumptively a simple salt, 
proves to be insoluble in water, soluble in chlorhydric aciJ 
and to contain nickel. The sulphate, chloride, borate, chro- 
mate, bromide, iodide, chlorate, acetate and nitrate of nickel 
are soluble in water and for this reason are excluded from 
consideration ; the sulphite, hyposulphite, sulphide, arseniate, 
arsenite and carbonate would have revealed themselves in 
the course of the examination for the metallic elements, and 
the only salts to be specially tested for at this point are the 
phosphate, oxalate, tartrate and silicate. If the general and 
special tests fail to indicate the presence of any of the classes 
of salts mentioned on page 65, the substance may be an 
oxide or hydrate. The hydrates give off water when heated 
in a closed tube ; peroxides sometimes give off oxygen under 
the same conditions, and most oxides when mixed with an 
excess of carbon, and heated, give off carbonic oxide, or 
carbonic acid ; these gases may be recognized as stated on 
page 80 under oxalates. 

It is evident from what has just been said, that a knowl- 
edge of the solubility of chemical compounds is of great 
value in determining the presence or absence of various 
classes of salts. The student of qualitative analysis should 
always have at hand a copy of some work on general chem- 
istry to which he can turn ; but for convenience of reference, 
a table will be found on pages 108, 109, in which are stated 
in a general way the solubilities of the more commonly 
occurring salts. 

It is to be distinctly borne in mind that this table is not 
exhaoatiye, and is intended merely as a help to the beginner. 
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In this table W signifies that the substance is readily 
soluble in water, (W) that the snbstance is soluble with 
difilculty in water; A and (A) that the substance is 
readily or with difficulty dissolved by acids ; I that tiie sub- 
stance is insoluble in water or acids ; IT signifies that the 
compound is either unknown or so uncommon as rarely to be 
met with. 
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who is analyzing comparatively simple substances. In the 
case of complex mixtures the table is of little service. Thus, 
chloride uf silver is designated as I, but it woald be easy to 
mix chloride of silver and chloride of sodium in such propor- 
tions that on treatment with water the whole of the mixture 
would go into solution : so too the chlorides of potassium 
and platinum are readily sohible in water, each by itself, but 
the double chloride of these two elements is so insoluble that 
it is used as a test for potassium (§ 42) and for platir.um 
(§ 96). 

D* TREATMENT OF INSOLUBLE SUBSTANCES. 

88. The substances of common occurrence which are 
practically insoluble in water and acids are : — 

The sulphates of barium, strontium and lead. 

Chloride of silver. 

The anhydrous sesquioxides of aluminum, chromium and 
iron, either native, or the result of intense ignition. 

Chrome-iron-ore, a native mineral. 

Some aluminates. 

Binoxide of tin, native, or the result of ignition. 

Silica and many silicates. 

Fluoride of calcium (fluor-spar). 

Besides the substances included in this list, sulphur and 
carbon, or graphite, should, perhaps, be mentioned, because 
they are insoluble ; but they will have been detected during 
the preliminary blowpipe examination, and their presence 
allowed for. Bromide, iodide and cyanide of silver are de- 
composed by boiling with aqua regia, and converted into the 
chloride, so that these substances never appear in their proper 
form in the final insoluble residue. 

89. Substances which resist solution in liquids are gen« 
erally liquefied by the action of fluxes at a high temperature ; 
they are fused in contact with some powerful decomposing 
agent, like the carbonate or acid sulphate of an alkali-metal, 
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or the hydrate or carbonate of an alkaline-earth metal. Cer- 
tain preliminary experiments should precede the fusion. 

The insoluble powder is first examined carefully (with the 
help of a lens, if convenient) to ascertain if it is a homo- 
geneous substance of the same color throughout, or a mixture 
composed of dissimilar, variously-colored particles. The fol- 
lowing blowpipe experiments sometimes give decisive indica- 
tions, particularly with homogeneous substances. 

a. The reduction test (§ 81) is repeated with great care, 
looking especially for silver, lead and tin, and applying to 
the globule, if any is obtained, the test for distinguishing 
between these three w^hite metals. This test has already 
been applied to the original substance ; but if this substance 
was a complex mixture containing soluble ingredients, it is 
quite possible that the test should give a more satisfactory 
result, now that all substances soluble in water and acids have 
been removed, than it yielded before. If, however, decided 
indications of the presence of a reducible metal were obtained 
in the first instance, the repetition of the test is, of course, 
uiinecessary. If any reducible metal is detected, it is neces- 
sary to use a porcelain crucible for the fusion which it may 
be desirable to make (§90) in order to convert the insoluble 
substance into a more manageable form. A platinum cruci- 
ble, which is employed for most fhsions, cannot be used with 
safety when the substance to be fused contains any reducible 
metal ; for many of the alloys of platinum are extremely 
fusible. 

Sometimes, when the substance under examination contains 
but a small proportion of metal, some metal may be reduced 
during the blowpipe experiment on charcoal, but the detached 
particles may not run together into a single conspicuous 
globule. Since a mistake as to the presence of a reducible 
metal may involve the destruction of a platinum crucible, it 
is best in doubtful cases to operate in a more delicate fashion. 
To ascertain, beyond question, whether any reduced metal has 
been separated in this experiment, moisten the cavity in the 
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charcoal with water after the fiision has been finished, cat the 
charcoal oat for a little distance, both aroand and below the 
cavity, and transfer the contents of the cavity and the scraps 
of charcoal to an agate or porcelain mortar. Pulverize the 
whole mass, and then carefully wash away the powdered 
charcoal and all the lighter portion of the mixture. Any 
malleable metal that may have been reduced remains in the 
mortar in little flattened grains or spangles, in which the 
peculiar color and lustre of the metal or alloy are generally 
visible. Sometimes metallic streaks are produced on the 
mortar or pestle by little particles of metal ground between 
them. The student must not mistake glistening particles of 
wet charcoal sticking to the mortar or pestle for metallic 
spangles, and the metal should be thoroughly removed from 
both mortar and pestle by the use of a few drops of warm 
aqua regia, immediately after the experiment is finished, in 
order to avoid errors on a subsequent occasion. 

b. Prepare another pellet of a mixture of equal parts of 
the insoluble powder and carbonate of sodium, adding a little 
charcoal powder to the paste. Fuse this mixture upon char- 
coal in the reducing flame of the blowpipe. Scoop out the 
fused mass and the surrounding charcoal with a penknife, 
place the dry mass upon a bright surface of silver (coin or 
foil), and wet it with a drop of water. If a brown stain be 
produced on the silver, it is evidence of the presence of sul- 
phide of sodium in the fused mass. This sulphide results 
from the reduction of a sulphate, and is evidence of the 
presence of a sulphate in the substance tested. The odor of 
sulphuretted hydrogen is often perceptible when the fused 
mass is moistened. The silver coin or foil may be replaced 
by a piece of lead paper, if care be taken not to mistake the 
mere dirtying of the paper for a stain of sulphide : the silver 
is, however, to be preferred ; it may be cleaned after use by 
treating it with a solution of cyanide of potassium and then 
washing with water. It is obvious that the carbonate of 
sodium used in this test must be so free fh>m sulphate of 
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.sodium as not itself to give this reaction on silver, after fusion 
on charcoal. Since coal-gas invariably contains traces of 
sulphur compounds, the test cannot be performed with a gas- 
flame; a candle or lamp flame (App., § 78) must be em*- 
ployed. 

It is, of course, possible to apply this test for sulphates to 
the fused mass obtained in (a) ; this second test is in fact 
unnecessary when a decided reaction has been obtained in 
the first instance. 

c. Make the loop on the end of the bit of platinum wire 
(App., § 79) white-hot in the blowpipe flame, and thrust it 
white-hot into some powdered borax ; a quantity of borax will 
adhere to the hot wire; reheat the loop in the oxidizing 
flame ; the borax will puff up at first, and then fuse to a trans- 
parent glass. If enough borax to form a solid, transparent 
bead within the loop does not adhere to the hot wire the first 
time, the hot loop may be dipped a second time into the pow- 
dered borax. 

When a transparent glass has been formed within the loo{> 
of the platinum wire, touch the bead of glass while it is hot 
and soft, to a few particles of the insoluble powder, and re- 
heat the bead with the adhering powder in the oxidizing 
flame. If the substance dissolves slowly in the borax, and 
the bead has a fine yellowish-green color when cold, chromium 
is probably present. Reheat the bead in the reducing flame : 
if it presents a bright green color both when hot and cold, 
there is no doubt of the presence of chromium. 

It sometimies happens when too much of the substance to 
be tested has been added, that the borax bead becomes £io 
dark-colored as to be practically opaque. It may then bo 
fattened while soft, by sudden pressure between any smooth 
metallic surfaces, like the flat parts of jewellers' tweezers^ 
If the flattening makes the color of the borax-glass visible, 
nothing more is necessary ; but if the glass is still too dark, 
all the glass outside the loop of platinum may be broken off 
by gentle hammering, and the remaining glass may be re* 
heated and largely diluted by the addition of more borax. 
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It is ooDvenient to be informed of the presence of chromium, 
because chromic oxide and chrome-iron-ore are substances 
which it is particularly difBcult to decompose effectually by 
Aision. In presence of chromium, no other bead-reaction 
which can be anticipated under the circumstances will give a 
decisive result ; but in the absence of chromium, the presence 
of iron may be determined. A suitable quantity of oxide of 
iron causes the borax-bead, heated in the oxidizing flame, to 
look red when hot and yellow when cold. In the reducing 
flame the iron bead becomes greenish, or light brownish- 
green. 

This test is rendered unnecessary if the substance under 
examination be a white powder, or if from other appearances 
the absence of chromium is assured. 

d. The test for fluorine (§ 70) should be applied to the 
original substance, if it has not already been done. 

When all the above-mentioned tests (a-d) give negative 
results, the simplification of the problem is very conspicuous ; 
the substances which may be present are reduced to alumina 
and some aluminates, silica and silicates. Again, in the case 
of a substance evidently homogeneous, if the preliminary 
tests give affirmative results, the indications of the character 
of the substance are almost conclusive. Thus chloride of 
silver, sulphate of lead, chromic or ferric oxide, binoxide of 
in, or fluoride of calcium, may be satisfactorily identified by 
the preliminary tests alone. 

There are two methods of changing insoluble substances 
into more manageable forms by the application of heat with 
sufficient exactness for the purposed of the qualitative analyst, 
— the method by fusion, and the method by deflagration. 

90. Fusions. — Mix the fine powder of the insoluble sub- 
stance with about six parts by weight of dry carbonate of 
sodium in powder. Both powders must be as fine as they can 
be made, and they must be intimately mixed. Keep the mix* 
ture at a bright red heat, in a platinum crucible (a porcelain 
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crucible, if a reducible metal has been found in the substance, 
§ 89, a, and fusion is for any reason preferred to deflagra- 
tion) until the mass has been brought to a state of quiet 
fusion (App., § 75). Place the hot platinum crucible, when 
withdrawn from the lamp or fire, on a cold block, or thick 
plate of iron, and let it cool. If a gas blast-lamp be em- 
ployed, the supply of gas may be interrupted, and the blast 
of air, directed as before, upon the crucible, until it has 
become cold. 

When the green borax bead, and the dark color of the 
insoluble powder, point to the presence of chrome-iron-ore, a 
mixture of three parts, by weight, of carbonate of sodium 
with three parts, by weight, of nitre, may be substituted for 
the six parts of carbonate of sodium alone. 

91. Treatment of the Fused Mass. — When the cru- 
cible has been cooled in the way mentioned above, the fused 
mass can generally be removed from the crucible in an 
unbroken lump. Soak the lump in boiling water until every- 
thing is dissolved which is soluble in water. If the mass 
cannot be detached from the crucible, the crucible and its 
contents must be soaked in boiling water. 

The aqueous solution of the fused mass is filtered from the 
residue insoluble in water and reserved. That portion of the 
fused mass which boiling water did not dissolve is treated 
with acid, — chlorhydric acid if silver and lead be absent, 
nitric acid if either of these metals be present, — and the 
acid solution obtained is treated as will be described. If a 
portion of the fused mass resist both water and acids, the 
insoluble portion may consist of separated silicic acid, or of 
some of the original substance undecomposed by the fusion. 
In the latter case, another and more prolonged fusion is the 
only effectual remedy, although it may often happen that a 
partial decomposition of the insoluble substance will enable 
the analyst to recognize all the elements wliich it contains. 

The treatment of the aqueous and acid solutions of the last 
paragraph will be best understood if we first consider what 
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changes take place in the process of fbsion. Suppose that 
the substance in hand is sulphate of barium ; at the high 
temperature of the fusion the barium and sodium change 
places and, instead of sulphate of barium and carbonate of 
sodium, there result carbonate of barium and sulphate of 
sodium: BaS04 + NaCO, » NaS04 + BaCO,. When the 
fused mass is treated with water, the sulphate of sodium 
(with the excess of carbonate of sodium) goes into solution, 
while the carbonate of barium, which is insoluble in water, is 
dissolved by the chlorhydric (or nitric) acid as chloride (or 
nitrate) of barium. Therefore in a case like this, the metallio 
element would be found in the acid solution and the dass or 
kind of salt might be determined by applying the test for 
sulphates to the aqueous solution. Again, suppose the sub* 
stance under examination is a double silicate of calcium and 
aluminum. After fusion with carbonate of sodium and treat- 
ment successively with water and acid, a portion of the silicic 
acid will be in the aqueous solution (as silicate of sodium) 
and a portion in the acid solution, while a part may re mala 
insoluble; the aluminum will exist partly in the aqueous 
solution (as aluminate of sodium) and partly in the acid so- 
lution (as chloride of aluminum) ; the calcium, which after 
tihe fusion remained as carbonate, insoluble in water, will havo 
been converted into chloride and will be found in the acid 
solution. Having considered the general nature of the 
changes brought about by fusion with carbonate of sodium, 
we proceed to the statement of the treatment of the aqueous 
and acid solutions of the fused mass 

a. If the test for sulphates described in § 89, b, on page 
112, has failed to give satisfactory indications, acidify a small 
portion of the aqueous solution with chlorhydric acid, and 
apply the barium test. The carbonate of sodium used in the 
fusion should be free from sulphate. 

b. Acidify another small portion with acetic acid, and 
apply the lead test for chromates (§ 62). In presence of 
sulphuric acid this test will be obscured, but not rendered 
wholly useless (§ 30, p. 40). 
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o. Acidify a tliiM portion with nitric acid, and apply the 
silver test for chlorine. The student must first prove that his 
carbonate of sodium contains no chloride. 

d. If the test for fluorine by the method of § 63 has, for 
any reason, been unsatisfactory, a fourth portion, having been 
concentrated by evaporation in a porcelain dish, and again 
cooled, is acidified with chlorhydric acid, and then left at rest 
until the carbonic acid has escaped. It is then supersatu- 
rated with ammonia, heated, and filtered while hot. The 
filtrate is collected in a bottle ; chloride of calcium is imme 
diately added to it ; the bottle is closed and allowed to stand 
at rest. If the original substance contained a fluoride, the 
fluorine will have combined with sodium during the fusion* 
and fluoride of sodium will be contained in the aqueous solu- 
tion. The carbonic acid having been expelled, and all sub- 
stances precipitable by ammonia having been removed, the 
chloride of calcium will throw down the fluoride of calcium. 
If a precipitate separates from the liquid in the bottle after 
some time, it is collected in a small filter, dried and examined 
for fluorine by the method of § 68. 

When the tests a-d give negative results, or when by pre- 
vious tests the absence of sulphates, chromates, chlorides 
and fluorides is made certain, the remainder of the aqueous 
solution is added to the acid solution and the mixture is 
evaporated to dryness and ignited ; the residue thus obtained 
is boiled with dilute chlorhydric (or nitric) acid. If the 
dilute acid fails to dissolve the residue completely, the insolu- 
ble portion consists of silicic acid. The solution is examined 
in the usual way for the metallic elements (§ 44), except, of 
course, sodium (and sometimes potassium), which has been 
added in the flux. (See § 92, p. 1 18). 

When the preliminary examination or the tests a-d show 
the presence of one cr more of the classes of salts mentioned 
above, the treatment is slightly different. In that case the 
remainder of the aqueous solution is acidified with chlor- 
hydric acid, evaporated to dryness and ignited ; the residua 
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thus obtained is boiled with dilute chlorhydric acid. If the 
acid fails to dissolve the residue completely, the iusoluble 
portion consists of silicic acid ; the solution may be tested 
for aluminum. ( See page 116.) If silicic acid has been found 
in the aqueous solution, the original acid solution of the 
fused mass is evaporated to diyness and ignited ; the residue 
is treated with dilute acid, and the solution after being filtered 
from the silicic acid is examined for the metallic elements in 
the usual manner. It is evidently impracticable in this last 
case to mix the aqueous and the acid solutions, for if the case of 
sulphate of barium (p. 116) be taken as an example, in mix- 
ing the aqueous solution (containing sulphate of sodium) and 
the acid solution (containing chloride of barium), there 
would be an immediate precipitation of the insoluble sulphate 
of barium which was the substance to be analyzed. 

Silicates are by far the most common of insoluble sub- 
stances. A great variety of metallic elements occur in 
insoluble silicious minerals, so that the possible contents of 
the acid solution of the fused mass are very various. The 
evaporation to dryness in order to render the silica insoluble 
is prescribed because the subsequent examination goes on 
the better for this preliminary removal of silica, which, if left 
in solution, might create confusion by appearing as a precipi- 
tate at almost any stage of the analysis. 

Many silicates contain sodium and potassium When the 
presence or absence of these alkali-metals is to be determined, 
it is evident that the pulverized silicate must not be fused 
with carbonate of sodium, but with some decomposing flux 
free from alkali. 

92. Decomposition by Means of Carbonate of Cal- 
cium and Chloride of Ammonium. — An intimate mixture 
is prepared of one part of the silicate, six parts of pure pre- 
cipitated carbonate of calcium, three fourths part of pul- 
verized chloride of ammonium. This mixture is heated to 
bright redness in a platinum crucible for thirty or forty min- 
utes. The crucible with its contents (which should be in a 
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coherent, sintered, but not thoroughly fused condition), is 
then placed in a beaker, and soaked for half an hour in water 
kept near the boiling point. The contents of the beaker are 
then filtered. The filtrate, containing caustic lime, chloride 
of calcium, and all the sodium and potassium of the onginal 
silicate as chlorides, is treated witb a little ammonia-water, 
and with carbonate of ammonium in slight excess ; the liquid 
is heated to boiling and filtered. This second filtrate is 
evaporated to dryness, and gently ignited to expel the am- 
monium salts. The residue is dissolved in a little water; 
one or two drops of carbonate of ammonium, and a drop of 
oxalate of ammonium are then added ; the mixture is again 
heated and filtered ; this third filtrate is evaporated to dry- 
ness and ignited ; the ignited residue, if there be any, 
consists of the chlorides of sodium and potassium, or of one 
of these two salts. This residue is examined according 
to § 42. 

93. Fusion with Acid Sulphate of Sodium. — The 
following method may be tried to advantage upon ferric 
oxide, chromic oxide, or chi'ome-iron-ore, and some very 
refractory silicates. Ileat the insoluble substance with three 
or four times its bulk of acid sulphate of sodium (A pp., § 29) 
in a platinum crucible, until the sulphate melts ; then main- 
tain it in the liquid state for half an hour. This operation 
should be performed under a hood. The fused mass is 
treated essentially as before (§91), allowance being made for 
the different nature of the flux. 

94. Deflagratioii. — The method of fusion just described 
involves the use of a platinum or porcelain cracible, and de- 
mands the heat of a blast-lamp, or strong coal fire. Neither 
crucibles, lamps nor fires are necessary in the method of 
deflagration, which applies the heat inside the mass to be 
fused. This decomposition by deflagration is performed as 
follows : One paii,, by weight, of the insoluble powder is 
intimately mixed with two parts of dry carbonate of sodium, 
two parts of fine and pure charcoal powder, and twelve parts 
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of powdered nitre. The mixture is pnt in a thin porcelain 
dish or clean iron tray; the dish, or little tray, is placed 
under a hood, or in the open air, and a lighted match is 
applied to the centre of the heap. The deflagration is com- 
pleted in two or three seconds, and a well-fused mass 
remains. This mass is detached from the cooled dish or 
tray, and boiled with water in a beaker ; it is generally very 
porous, and is therefore readily disintegrated by stirring it in 
the hot water with a glass rod. The soluble portion will all 
be extracted in a very few minutes. The residue left by 
ifrater is treated with acid precisely as described in § 91. 
The aqueous and acid solutions of the deflagrated substance 
are submitted to the same operations as the corresponding 
solutions of substances fused in crucibles. A little charcoal 
is generally left undissolved by the acid, and with it any of 
the substance which may have escaped decomposition. The 
mixture of one part, by weight, of powdered charcoal, and 
six parts of nitre, may be kept ready mixed for effecting the 
fhsion of insoluble substances. 

The advantages of this process are that it is quick, 
requires only cheap and common tools, and may, be applied 
to substances containing reducible metals, as well as to 
any others. It is, of course, inapplicable when sodium and 
potassium are to be sought for in silicates. Chrome-iron ore 
cannot be decomposed in this way. The insoluble sulphates, 
chloride of silver, binoxide of tin, fluorspar, glass, and many 
natural silicates, may be very well treated by this method, in 
spite of its apparent roughness. 
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CHAPTER XII. 

TBEATMENT OF A FUBE METAXi OB ALIiOY. 

95. The elements which are now used in the arts in the 
metallic state, and which therefore may come into the hands 
of the analyst as metals, either pure or alloyed, are silver, 
lead, mercury, bismuth, cadmium, copper, arsenic, antimony, 
tin, gold, platinum, aluminum, iron, zinc, nickel and mag- 
nesium. These metals can all be brought into solution and 
detected in the wet way with ease and certainty. It is there- 
fore not worth while to submit a metal, or metallic alloy, to 
preliminary blowpipe tests, although at need mercury and 
arsenic can be readily detected by the closed-tube test (§ 80), 
and many others, by exposing them on charcoal to the re- 
ducing and oxidizing flame (compare § 81, pp. 95-97). 

A portion of the metal or allo^*^ to be examined should first 
be reduced to as fine a state of division as possible. If it is 
brittle, it can be powdered ; if soft, shavings can be cut from 
it ; if tough and hard, it can perhaps be fused, and shaken 
into powder while melted, or granulated by being poured from 
a height into cold water. Filings should be the last resort, 
because of the possibility of foreign admixture of iron. 

96. Aotdon of Nitric Aoid on the Metals, — A small 
quantity of the divided metal or rflloy, about the equivalent 
of a pea in bulk, is placed in a flask, covered with concen- 
trated nitric acid, and heated gently under a hood or in the 
open air for half an hour. 

If complete solution ensues, gold, platinum, tin and anti- 
mony are probably altogether absent ; they can only be pres- 
ent in very minute proportion. Any of the other metals 

above enumerated may be preseQt. Transfer the acid sola- 
11 
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tion to a porcelain dish, and evaporate it almost to dryness ; 
dilute the evaporated liquid with about ten times its bulk of 
water, and proceed with the analysis in the usual way (§44). 
If the solution, from which the greater part of the free acid 
has been removed by evaporation, becomes turbid on the 
addition of water, bismuth is doubtless present. In this case 
enough acid must be restored to the solution to clarify it. 
Mercury, if present, will be dissolved to mercuric nitrate. 

If a residue remains undissolved^ add a little more acid to 
make sure that the acid is incapable of fhrther action ; and 
when this point is settled, test a drop or two of the clear 
liquid on platinum foil, to ascertain if anything has entered 
into solution. If the nitric acid has effected a partial solu- 
tion of the original metal, evaporate the liquid nearly to dry- 
ness, dilute the evaporated mixture with water, filter, and 
submit the filtrate to the usual course of analysis. The 
residue is thoroughly washed with water, to prepare it for 
further treatment. On diluting the evaporated mixture with 
water, a turbidity due to the presence of bismuth may appear. 
The experienced operator will hardly fail to distinguish be- 
tween any such turbidity and a residue insoluble in the nitric 
acid. To avoid mistakes which would lead to the unneces- 
sary addition of acid, it is well to take out a drop of the 
nitric acid solution before evaporation and to add it to sev- 
eral teaspoonfuls of water contained in a test-tube. (See 
p. 24.) The ab ,ence or presence of bismuth will thus be 
discovered. It will sometimes happen that a white residue 
appears in the nitric acid solution which disappears when the 
evaporated mixture is diluted. This is owing to the presence 
of lead : nitrate of lead is rather insoluble in strong nitric acid 
but passes into solution readily when the mixture is diluted. 

Three different cases of insoluble residues may occur, 
readily distiuguishetl by the mere appearance of the residue. 

a. The insoluble substance is non-metallic and white. In 
this case tin and antimony may be present, but gold and 
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platinum arc probably absent. The white residue may contain 
the insoluble oxides of tin and antimony, or either of them. 
These elements are to be detected by the methods of § 25, or 
by the method described just below (first part of c). 

6. The insoluble substance is metallic, as evidenced by its 
lustre, if it is in visible fragments, or by the weight and gray 
or black color of its powder, if it is in a fine state of divi- 
sion. Such a resi lue must be either gold or platinum (or 
some of the rare platinum-like metals which lie without the 
range of this manual). The residue is dissolved in aqua 
regia, and evaporated to a very small bulk. 

Tost for Gold. — A portion of this evaporated liquid is 
diluted with ten times its bulk of water, and poured into a 
beaker which is placed on a sheet of white paper. A small 
quantity of a solution of protochloride of tin is tinged yellow 
by the addition of a few drops of solution of sesquichloride 
of iron (App., § 48), and then considerably diluted. A glass 
rod is dipped, first into this tin solution, and then into the 
solution to be tested for gold. If even a trace of the precious 

fpggij metal be present, a blue or purple streak will be ob- 
for served in the track of the rod. If the quantity of 

^^* gold be more considerable a pink tinge will be im- 
parted to the solution, or a purplish precipitate will be pro- 
duced by a sufiScient quantity of the tin-solution. This 
" purple-of-Cassius " test is applicable to very acid solu- 
tions. 

Test for Platinum. — To another undiluted portion of the 
cooled aqua regia solution, a cold concentrated solution of 
chloride of ammonium is added. The formation of a yellow, 
crystalline precipitate of chloroplatinate of ammonium indi- 

Test cates the presence of platinum (or of some rare 
for platinum-like metal). By adding a little alcohol 

^^- to the liquid, the test is made more delicate. In a 
difiScult case, the aqua regia solution might be evaporated to 
dryness with chloride of ammonium, and the residue treated 
with weak alcohol and water, which would dissolve all the 
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Ingredients except the cbloroplatinate. Upon ignition, chloro- 
platinate of ammonium leaves Bpongy platinum behind. 

It happens exceptionally in the case of certain alloys, 
especially in the presence of copper, that concentrated nitric 
acid fails to attack them even when it is hot; it is well, 
therefore, before inferring the presence of an insoluble me- 
tallic residue to try the effect of boiling the seemingly insol- 
uble substance in nitric acid diluted with an equal bulk of 
water. 

c. The insoluble residue contains both a white powder and 
a metallic substance. It must then be examined for anti- 
mony, tin, gold and platinum. The following directions 
presuppose the presence of all four metals, — a very rare 
case. 

The residue is treated for the detection of antimony and 
tin, precisely as described in § 25. Gold and platinum 
remain unchanged in the metallic state through the various 
operations. After dissolving the tin in chlorhydric acid 
(page 34, top), the residue is treated again with chlorhydric 
acid to insure the complete removal of the tin, and is then 
washed thoroughly by decantation. The washed residue is 
warmed for a quarter of an hour with a solution of tartaric 
acid (App., § 13), and a few drops of nitric acid are added 
towards the close of the digestion. Antimony dissolves in 
this tartaric acid solution ; its presencie may be verified by 
passing sulphuretted hydrogen through the decanted solution. 
The platinum foil having been taken out of the porcelain 
dish, the metallic residue from the tartaric acid solution is 
thoroughly washed by decantation, dissolved in aqua regia, 
and tested for gold and platinum; as just described in &, 
above. 
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CHAPTER XIII. 

TBEATMENT OF LIQUIDS. 

97. Evaporatioii Test. — The first step in the examina- 
tion of an unknown liquid is to evaporate a few drops at a 
gentle heat on platinum foil. Attention should be paid to 
the smell of the escaping vapors in order to ascertain if the 
solvent be water or some other fluid, like a'cohol, ether, ben- 
zine, or a strong acid. If no appreciable residue remain, the 
fluid is probably pure water, or some other volatile liquid ; 
or it is possible that the liquid is some very dilute solution, 
like a spring water, which needs extreme concentration before 
the solid substances dissolved in it can be detected. When 
a residue remains on the foil, the heat is increased, first, to 
ascertain if the dissolved subtances are wholly volatile, in 
which case only compounds of ammonium, mercury, arsenic 
and antimony, can be present ; and, secondly, to ascertain if 
there be any organic matter in the liquid. Carbonization 
or charring with the attendant phenomena (§ 80, 1) occurs 
when fixed organic matter is present. K organic matter is 
discovered, it must be destroyed by the second method of 
§ 8:>, before the analysis can be proceeded with. A vol- 
atile organic solvent can, of course, be got rid of by a simple 
evaporation to dryness. 

98. Testing with Litmus. — The next step is to test 
the solution with litmus-paper. 

a. If it is neutral, and the solvent is water, consult § 86. 

6, If it is acid, the acidity may be due to a normal salt 
having an acid reaction, or to an acid salt, or to free acid. 
No general inferences can be drawn from the acid reaction, 
except that carbonates and sulphides are absent. If dilution 
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of the acid fluid produces turbidity, the presence of antimony 
or bismuth may be inferred. 

c. If it is alkaline, consult § 83, o. 

99. By evaporating a portion of the original solution to 
dryness, the dissolved solid is obtained. This solid may 
be subjected to the whole of the preliminary treatment 
prescribed for a salt, mineral, or other non-metallic solid 
(§§ 80, 81) ; but inasmuch as the main object of all prelim* 
inary treatment of a solid is to learn how to get it* into 
solution with the least diflSculty, it is seldom worth while for 
the analyst to make a solid out of a solution, and thus forego 
the advantage of having the solution already made to his 
hand. • 

100. Testing for Ammonia. — A small portion of the 
original solution must always be tested for ammonium salts, 
by heating it in a test-tube with an equal bulk of slaked lime. 
The gas is recognized by its smell and its reaction with 
cblorhydric acid (§ 80, UI. h). 



The means of identifying and isolating the rare elements, 
the methods by which minute traces of one substance may bt 
detected when hidden in proportionally large quantities of 
other substances, as when the impurities of chemicals and 
drugs are exhibited, and the processes to be employed in 
special cases of peculiar difficulty, such as the analysis of 
complex insoluble minerals, or the detection of mineral poi- 
sons in masses of organic matter, must be studied in com- 
plete treatises upon chemioal anaiysm, or in works specially 
devoted to these technical matters. Such details, however 
valuable to the professional analyst, or expert, would not be 
in harmony with the plan of this manual. 
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ANOTHEB METHOD FOB THE TREATMENT OF 

CLASS III. 

§ 25a. Analysis of the Mixed Sulphides.— As consid- 
erable difficulty is often experienced, especially by beginners, 
in analyzing the mixed sulphides of this class, the following 
method of treatment is suggested as an alternative. 

To effect the separation : — Add dilute chlorhj'dric acid in 
small portions to the sulphydrate of sodium solution until the 
reaction is distinctly acid. The sulphides of arsenic, anti- 
mony, and tin, are precipitated, together wilh some free sul- 
phur. Any large excess of acid is to be avoided lest the 
sulphides of antimony and tin, which are somewhat soluble in 
chlorhydric acid, fail to be precipitated. 

Collect the precipitate on a filter and throw the filtrate 
away. The precipitate is rinsed with water, transferred to a 
test-tube or small flask, covered with strong chlorhydric acid, 
and gently warmed, not boiled. The yellow residue is sul- 
phide of arsenic. The antimony and tin pass into the filtrate 
as chlorides. To test for these elements, prepare a small 
hydrogen-generator, as described at the bottom of page 82, 
and test for the elements as indicated on page 33. 

To test for arsenic, transfer the sulphide of arsenic which 
did not dissolve in the strong chlorhydric acid to a small 
flask, add a teaspoonful of strong nitric acid, and warm 
GENTLY for several minutes. Then add in small successive 
portions chlorate of potassium, using in all an amount no 
larger than a half-pea. 

When the sulphide of arsenic has entirely' dissolved, ponr 
the liquid into an evaporating dish and warm gently until the 
chlorous smell has disappeared. This treatment for arsenic 
must be carried on where there is a good draught, and the 
acid must be warmed, not boiled. When the chlorous fumes 
have been driven off, add ammonia-water until the reaction is 
alkaline, filter, if necessary, and to the clear alkaline liquid 
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add a small quantity of a prepared solution of sulphate of 
magnesium and chloride of ammonium, and set the mixture 
aside for twelve hours. The formation of a white crystalline 
precipitate of arseniate of ammonium and magnesium is evi- 
dence of the presence of arsenic. 
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BSAaEITTS. 

[** Tlioae reagents in the following lltt, which are marked with the doubli 
wteriik, are rarely employed; a single, small bottle of each of them in the labora- 
tory, will be enongh for many students. * Those marked with a single asterisk 
had also better be kept in one or two bottles of sufficient size, rather than be die* 
tributed to each student, because of their liability to spoil; several of them are used 
in considerable quantities.] 

Hci.-*- 1« Chlorhydrio Acid (Conoeutrated),— The strong common 
acid prepared by chemical manufacturers, though nsually far firom 
pure, will answer for most of the purposes of this manual. It must, 
however, be continually borne in mind that the commercial acid is 
usually contaminated with sulphuric acid, and very often with traces 
of arsenic and iron. These impurities may be present in sufficient 
quantity to render the acid unfit for use when these very substances 
are to be tested for in the mixture to be analyzed. 

The yellow color of the commercial acid, though often attributed 
to iron, is really due for the most part to the presence of a peculiar 
organic compound which is soluble in the strong acid. 

If in any experiment doubts arise concerning the character of a 
reagent, a quantity of it, somewhat larger than that which has been 
mixed with the substance under examination, should be tested by 
itself, and the reaction compared with that exhibited in the doubt- 
Ail case. If the result of this trial is unsatisfactory, the experiment 
must be repeated with reagents which are known to be pure. 

/^C£ 2. ♦♦ Chlophydric Acid (Pure) may be prepared by distil- 
ling a mixture of fdsed chloride of sodium and sulphuric acid, and 
collecting the gas in water. (See Eliot and Storer's Manual of Inor- 
ganic Chemistry, Exp. 49.) 

HCl^^ 3* Chlorhydrio Aoid (Dilute). — Mix 1 volume of the com« 
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mon concentrated acid, or — where special parity is required — of 
the pare strong acid, with 4 volnmes of water. 

/^A^Oj " 4« ITitrio Add (Concentrated), — Use the colorless commer- 
cial acid of 1.38 or 1.40 specific gravity. Strong nitric acid of toler- 
able parity can nsaally be obtained flrom the dealers in coarse 
chemicals. An acid, which when dilated with five parts of water 
gives no decided cloadlness with either nitrate of silver (absence of 
chlorhydric acid) or nitrate of barlam (absence of salphnric acid) is 
good enough for most ases in qaalitative analysis. 

/^^•fO^S, Hitrio Add (Dilute). — Mix 1 volomo of the strong acid 
with 5 Tolames of water. 

^y^l^SHCi 0, Aqua regis shoald be prepared only in small qnantities, at 
the moment of nse, by mixing in a test-tube one volume of strong 
nitric acid, with three or four tiuies as much strong chlorhydric 
acid. 

Ht SO^ * 7, Sulphuric Acid (Concentrated). — The oil of vitriol of 
commerce will usually be found pure enough for the purposes of this 
manual. 

HiSO^ 8. ♦♦ Sulphuric Acid (Pure). — Sulphuric acid flree from 
chlorhydric acid is necessary in testing for chlorine according to 
§ 71. Such acid may be obtained fh>m the dealers in fine chem- 
icals, but acid purporting to be pure should invariably be tested 
by diluting a portion with a considerable quantity of water and add- 
ing a few drops of nitrate of silver. No turbidity should appear 
after the mixture has stood for some time. 

14^0^^^ 9, .iBulphuric Add (Dilute) is prepared by gradually add- 
ing 1 part by measure of the concentrated acid to 4 parts of water 
contained in a beaker or porcelain dish ; the mixture must be con- 
stantly stirred with a glass rod. When the mixing is finished, the 
liquid is left at rest until all the sulphate of lead, which has sepa- 
rated from the strong acid, has settled to the bottom; the clear 
liquid is then decanted into bottles. 

I^Slk'^'f ** 10. Sulphuric Acid (Dilute) for the separation of cop- 
per and cadmium (p. 25). Mix, as described in the preceding sec- 
tion, 1 part of the strong acid with 5 parts of water. 

11. Oxalic Acid* — Dissolve 1 part, by weight, of the conmier- 
clal crystals, In 20 parts of water. 

C\^^ Oi 12. Acetic Acid. — The ordinary commercial acid. 

13. Tartaric Acid should be kept In the state of powder, since 
solutions of it slowly decompose. For use, dissolve a small portion 
of the powder in two or three times its volume of hot water. 
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y^S 14. Sulphuretted Hydrogen Gas (Sulphydric Acid), is 
prepared as needed, by acting npon fragments of snlphide of iron 
witli dilate salphuric acid in tlie apparatus described in §§ 89, 90 of 
tliis Appendix. Tlie apparatus should always be placed either in the 
open air. or in a strong draught beneath a chimney. 

fj^-^of 16. Sulphuretted Hydrogen Water. — Pass sulphuretted 
hydrogen gas into a bottle of water until the water can absorb no 
more. To determine when the absorption is complete, close the 
mouth of the bottle tightly with the thumb, and shake the liquid. 
If the water is saturated, a small portion of the gas will be set f)ree 
by the agitation, and a slight outward pressure against the thumb 
will be felt. If the water is not fhlly saturated, the agitation will 
enable it to absorb the gas which lay in the upper part of the bottle, 
and a partial vacuum will be created, so that an inward pressure 
will be felt. 

Since sulphuretted hydrogen water soon decomposes when ex- 
posed to the air, it should always be kept in tightly closed bottles, 
and no very large quantity of it should be prepared at once. A good 
way of keeping the solution is to fill a number of small phials with 
the fresh liquid, cork them tightly, and invert them in water, so 
that their necks shall always be immersed and protected Arom the 
atmosphere. 

At the moment of using this reagent its quality should always be 
proved by smeDlng of it, or by adding a drop or two of the liquid to 
a drop of acetate of lead, which should be immediately blackened 
ftom the formation of sulphide of lead. 

U y-^g^^ 16. Ammonia- Water. — Commercial aqua-ammoniso may ii!(u- 
^ ally be obtained pure enough for the purposes of this manual. Dilate 
1 volume of the strong liquor with 3 volumes of water. Ammonia- 
water should be Aree from carbonic acid ; when dilated, as above, it 
ought not to yield any precipitate when tested with lime-water. 

H ffH^ 17. ♦ Sulphydrate of Ammonium.— Pass sulphuretted hydro- 
gen gas through ammonia-water, diluted as described in § 16, until a 
portion of the liquid yields no precipitate when tested with a drop 
of a solution of sulphate of magnesium (absence of Aree ammonia). 

Since sulphydrate of ammonium decomposes after a while, when 
exposed to the air, it is not advisable to prepare it in large quanti- 
ties. In case any doubt arise as to the quality of the reagent, add 
some of it to a drop of acetate of lead. Unless a dense black pre- 
cipitate of sulphide of lead is immediately thrown down, the sulphy- 
drate is worthless. 

(H^^ CO, 18. Carbonate of Ammonium. — Dissolye l part, by weight, 
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of the commercial salt, in 4 parts of water, and add to the miztare 
1 part of strong ammonia- water. 

The solution of carbonate of ammoniam should be kept in bottles 
made of glass which Is firee Arom lead. If kept in flint-glass bottles, 
the carbonate of ammonium takes up some lead so that when, in 
precipitating the carbonates of Class VI, this reagent is added to a 
solution containing sulphydrate of ammonium, a dark coloratioi 
appears in the liquid or obscures the precipitate to the annoyance of 
the operator. 

/, jfC/ 18« Chloride of Ammoniiiiiu— Dissolve 1 part, by weight, of 
the crystallized commercial salt in 10 parts of water. 

20. Oxalate of Ammonitim. — Dissolve l part, by weight, of 
the salt in 24 parts of water : or, dissolve 87 grms. of crystallized 
oxalic acid in 450 c c. of water, neutralize exactly with ammonia- 
water and dilute to the bulk of 1 litre. 

21. ** Molybdate of Ammonium.— Digest Irpart, by weight, 
of molybdic acid for some hours in 4 or 5 parts of strong ammonia- 
water, and mix the clear solution with 12 or 15 parts of strong nitric 
acid ; or dissolve 1 part of molybdate of ammonium In S or 4 parts 
of weak ammonia-water, and mix the liquid with 12 or 15 parts of 
nitric acid, as before. 

lU. ^0 22. Caiistio Soda. — Place 1 part, by weight, of the best com- 
mercial caustic soda In a large, stoppered bottle ; pour upon It 8 or 9 
parts of water, and shake the bottle at Intervals until the whole of 
the soda has dissolved. Leave the bottle at rest until the liquid has 
become clear, and finally transfer the solution, with a siphon, to the 
small bottles in which it is to be kept for use. The solution thus 
prepared, though pure enough for the uses prescribed in this man- 
ual, is really far f)rom pure. It would be unfit for use In a delicate 
research, because It Is usually contaminated with chloride, sulphate 
and carbonate of sodium, and Is liable to contain traces of alumi- 
nate, phosphate and silicate of sodium. Since some nitrate of 
sodium Is added to It in the process of manufkcture, the soda is lia- 
ble to be contaminated with this salt and the products of Its decom- 
position, Including ammonia. This last impurity is liable to be given 
off when the solution Is boiled. 

Caustic potash, as prepared for surgeon's use, may be substituted 
for caustic soda whenever It can be more readily obtained. The 
potash should be dissolved In about 10 parts of water. 

Since solutions of the caustic alkalies act upon glass rather easily, 
especially when Its outer surfSEu;e or *< flre-glaze " has once been re- 
moved, it o2;teu happens, when the soda flolAtion Is kept in glaia*' 
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stoppered bottles, that the stoppers become immovably cemented to 
the glass by the silicate of sodium which forms in their necks. This 
difficulty may be avoided by wiping the necks of the bottles dry after 
any of the solution has been ponred Arom them; but it will usually 
be found more convenient to replace the glass stoppers with plugs 
of vulcanized caoutchouc, or better still, with small glass stoppers, 
over the bodies of which short pieces of caoutchouc tubing hare 
been stretched. Solutions of the caustic alkalies should be kept in 
bottles made of glass which is free fVom lead. 

// // 9 ^^* S'llP^y^l*^**^ ^^ Sodium. —Dissolve 1 part by weight of 
commercial sulphide .of sodium, if it can be obtained, in 8 parts of 
water. Sulphide of sodium may be made by melting together in 
an iron pot or ladle a mixture of dry carbonate of sodium with an 
equal weight of sulphur. This operation does not require a great 
deal of heat and it may be performed over the blast lamp or over 
an ordinary coal fire. Sulphide of potassium is not an available 
substitute for sulphide of sodium. 

y2a COj 24. Carbonate of Sodium. — For most purposes it is essen* 
^ tial that the sodium carbonate should be tree Arom sodium sulphate. 
Pure dry carbonate may be obtained fh>m the dealers in fine chemi- 
cals or it may be prepared by washing a pound or two of bicarbonate 
of sodium repeatedly, upon a filter, with small quantities of ice-cold 
water, nntil the original quantity is reduced to a fifth or a sixth of its 
bulk. The powder is then dried, ignited, and kept in well-stoppered 
bottles. 

26, Biborate of Sodium. — Common borax, powdered, 

26. Phosphate of Sodium. — Dissolve 1 part, by weight, of 
*' common phosphate of soda" in 10 parts of water. 

Ci^Hi Oz W. 27. Acetate of Sodium. — Dissolve 1 part of the crystallized 
salt in 10 parts of water. 

^ ^ 28. Nitrate of Sodium, — Select a clean white sample of the 
commercial salt and keep in the form of a coarse powder. 

29« ** Acid Sulphate of Sodium. — Heat a mixture of 16 
parts, by weight, of Glauber's salt, and 5 parts of concentrated sul- 
phuric acid, in a platinum vessel, until a portion of the melted mass 
becomes distinctly solid when taken up on a glass rod. Then allow 
the mixture to become cold; remove the cold lump firom the plati- 
num vessel, and break it into fragments. Keep the coarse powder 
in a tight, glass-stoppered bottle. 

A^ S/l 30. Sulphate of Potassium* — Dissolve one part, by weight, 
•f the crystallized salt in 200 parts of water. A solatlon of this 

12 
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strength contains the same proportional qaantity of snlpharic acid 
as is contained in a satnrated aqneoas eolation of sulphate of cal- 
cium, llcncc it cannot precipitate the latter when added to solu- 
tions of the soluble calcium salts. 

1^ CrO^ 3L Chromate of Potassiiim. — (The normal or "neutral" 
yellow chromate.) Dissolve 1 part, by weight, of the salt in 8 parts 
of water. 

I{ C^fiJ/fOs 92* Biohromate of Fotassinuu — The pure crystallized salt 
^ is kept in the form of powder. It must be entirely Aree f)rom 

chloride. 

Li^JfiM^^' Ferrooyanide of Potassimii. — (TcKow Pntssiate oj 
Potash.) Dissolve 1 part, by weight, of the commercial salt in 12 
parts of water. 

34. * * Ferriosranide of Potassium. — (Bed Prussiau of 
Potash.) Since the aqueous solution of this salt undergoes decom- 
position, with formation of some ferrocyanlde, when kept for any 
length of time, the salt should be kept for use in the form of pow- 
der. The commercial salt is pure enough for analytical purposes. 
A minute fragment of it may be dissolved in water at the moment 
of use. 

85. * * Cyanide of Potassium. — The better sorts of the 
commercial article are pure enough for analytical purposes. It 
should be kept in the solid form in a tightly stoppered bottle. 
When the solution is required, dissolve 1 part of the salt in 4 parts 
of cold water. 

l\NOi 86. Nitrate of Potassium.— Refined saltpetre may be em- 
ployed. It should be kept in the state of powder. 

i\ JV^Of. ^^' ** ^^*^*® ^' Potassium. — Weigh out 8 parts of concen- 
trated nitric acid, mix it with an equal weight of water, and place 
the mixture in a glass flask provided with a perforated cork and 
gas delivery-tube. The flask should be so large that the mixture 
only half fills it. Throw into the liquid 2 parts of starch, in lumps, 
and heat the mixture until redftimes of nitrous and hyponitric acids 
begin to be given off; then remove the lamp lest the action become 
too violent. Conduct the ftimes into a bottle containing 5 parts of 
potash-lye of 1.27 sp. gr., until the latter is saturated. Then filter 
the saturated liquid, and evaporate it to dryness. For use, dissolve 
1 part of the dry salt in 2 parts of water. 

The nitrite of potassium bought of dealers in fine chemicals is 
often unfit for the uses prescribed in this manual ; it can readily b« 
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made good, however, by dissolving it in twice its y^cight of water 
and saturating the solution with nitrons fumes. 

){\ 38. * Iodide of Potassium and Starch Papers.— Dis- 
solve a graipme of pure iodide of potassium (A*ee from iodate) in 
200 cubic centimetres of water. Heat the solution moderately in a 
porcelain dish, and stir into it ten grammes of starch which has 
been reduced to the consistence of cream by rubbing it in a mortar 
with a small quantity of water. Stir the mixture until it gelatinizes, 
taking care not to burn the starch, then allow the paste to cool, and 
spread it thinly upon one side of white glazed paper with a wooden 
spatula. Dry the paper, cut it into strips as large as the little lin- 
ger and preserve it in stoppered bottles kept careftilly closed. 

ClaH03 39. Kitrato of Silver. — Dissolve 1 part, by weight, of the 
/ commercial, crystals in 20 parts of water. 

40. * Slaked Lime. — Mix common quicklime with half its 
weight of water. Keep the powder in bottles with tight stoppers. 

41. * Lime Water. — Place a handfUl of slaked lime in a large 
bottle, pour in enough water to almost fill the bottle, cork the latter 
tightly, and shake it at intervals during several days. Decant the 
clear liquid into smaller bottles for use. Refill the large supply - 
bottle with water, and again shake it at intervals. 

CaUx 42* Chloride of Calcimxu — Stir powdered white marble 
into dilute chlorhydric acid until the acid is saturated, and dilute 1 
part of the concentrated solution with 5 parts of water. 

(3fl CZ% *^« Chloride of Barium. — Dissolve 1 part, by weight, of 
the commercial salt in 10 parts of water. 

^«^^i44. **Nitrateof Barium. — Dissolve 1 part, by weight, of 
the commercial salt in 15 parts of water. 

/fi^ M ft 45. Acetate of Iioad. — Dissolve 1 part, by weight, of " sugar 
^ ^ ^ of lead" in 10 parts of water. 

46. * Lead Paper. — Wet strips of white paper in a solution of 
acetate of lead, or better, in a solution of subacetate of lead, and 
dry them in air which Is Aree ttom sulphuretted hydrogen. Cut the 
dried paper into slips as large as the little finger, and keep the slips 
in tightly stoppered bottles. Or, paper may be slightly moistened 
with a solution of acetate of lead at the moment of use. 

47. Sulphate of Magnesium and Chloride of Ammo- 
nium. — Dissolve 24.6 grammes of Epsom salt and 88 grammes of 
commercial chloride of ammonium in water, add some ammonia- 
water to the solution and dilute the liquor to the volume of a litre* 
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If less than a litre of the reagent is required, the weights above 
given may, of coarse, be reduced in any desired proportion. Fil- 
ter the solution to separate any precipitate of feme hydrate or 
other insoluble matters, which may have been present as impurities 
in the components of the mixture, and preserve the clear liquid. 
From a solution thus prepared no hydrate of magnesium can be 
: precipitated by ammonia- water ; herein consists the advantage of 
the mixture as a test for phosphoric and arsenic acids. 

Tijf^^ 48. ♦♦Ferrio Chloride. — This solution is prepared by pass- 
ing chlorine gas through a saturated solution of iron tacks In 
chlorhydric acid, until a drop of the fluid no longer produces a blue 
precipitate in a solution of ferrlcyanide of potassium. The solu- 
tion is then heated to expel the excess of chlorine. 

QoVff^iMM. ** Nitrate of Cobalt. —Dissolve 1 part, by weight, of 
the crystallized salt in 10 parts of water. 

Cue SOif. 60. ♦♦ Snlphate of Copper. — Dissolve 1 part, by weight, of 
the crystallized salt (blue vitriol) in 10 parts of water. 

61. ♦♦ Protochloride of Tin. —This solution is prepared by 
DoiliDg scraps of tin with strong chlorhydric acid until hydrogen 
ceases to be evolved. The tin must be In excess. The solution is 
diluted with four times Its bulk of water acidulated with chlorhydric 
acid, and filtered, if necessary. The clear liquid must be kept in a 
tightly closed bottle containing some bits of tin. 

/^M Ox G3« ** Black Oxide of Manganese. — The artificially pre- 
pared pure blnoxlde of manganese. 

r/a^ 53. ♦* Red Oadde of Mercury. — The commercial oxide. It 
/ should leave no residue when heated upon platinum foil. 

//a^i 54. ♦♦Chloride of Mercury. — Dissolve 1 part of "corro* 
^ slve sublimate " in 16 parts of water. 

fhdi 66. ♦♦Bichloride of Platimim. — Cut a small quantity of 
^om-ont platinum foil into very fine pieces and boll them In a porce- 
lain dish, with successive small portions of aqua regla until all the 
metal has been dissolved. Collect the several portions of aqua regla, 
partially saturated with platinum, in another dish, and evaporate the 
liquid to dr3mess on a water bath. Dissolve the residue In 10 parts 
of water for use. 

:Zn 66. Zinc. — The commercial sheet metal, although usually con- 
taminated with lead and cadmium and often containing faint 
traces of arsenic and sulphur, will generally be found pure enough 
for the purposes of this manual. 
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67. ♦♦"Solution of Indigo »» (Sulphindigotic Acid).— 

Pour 5 parts (5 grammes will be ample) of fUming snlpbaric acid 
Into a beaker, place the latter in a dish of water to keep it cool, and 
stir into the acid, little by little, 1 part of finely powdered indigo. 
When all the indigo has been added to the acid, leave the mixture at 
rest for 48 hours ; then pour it into 20 times its own volume of 
water, filter the mixture and preserve the filtrate for use. Instead 
of 6 parts of ftimlng sulphuric acid, 12 or 14 part? of the ordinary 
strong acid may be employed ; in this case, however, the mixture 
must be heated for several hours on a water-bath. 

58, latmus Paper. — Heat 1 part, by weight, of commercial 
litmus with 6 parts of water, upon a water bath for several hours, 
taking care to replace the water which evaporates. Filter, divide 
the filtrate into two equal portions, and stir one half repeatedly 
with a glass rod dipped in very dilute nitric acid, until the color 
appears distinctly red. Pour the blue and red halves into a porce- 
lain dish, and stir the mixture. Draw strips of fine unsized paper 
through the liquid, and hang them on cords to dry. The color of 
the paper thus obtained is not blue but bluish-violet. It turns blue 
when touched with an alkali, and red when exposed to acids, and 
may be used indifferently as a test for either acids or alkalies. 

69. Starch Paste should be prepared, when wanted for use, 
by boiling 80 cubic centimetres of water In a porcelain dish, and 
stirring into It half a gramme of starch which has previously been 
reduced to the consistence of cream by rubbing It In a mortar with 
a few drops of water. 

C//t 60, ♦ Alcohol. — Common alcohol of 86 or 90 per cent. 
I^^O ex. Water. — Clean rain water will serve well enough for most 
of the purposes of this manual. In granitic regions the water of 
many lakes, brooks and ponds also Is nearly pure. Pure water may 
be obtained by melting blocks of compact Ice, or by distilling ordl- 
.nary water In glass or copper retorts and rejecting the first portions 
of the distillate. It should yield no precipitate when tested with 
chloride of barium and nitrate of sllrer. 

%aC£0 61a. Hypochlorite of Sodimn.— The «< chloride of soda" 
of the druggists. 
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62. In case the experiments Indicated in Part I are to be per- 
formed by a considerable number of students, it will be found con- 
venient to prepare beforehand a moderate supply of the various 
solutions required in making the Itnown mixtures under the several 
classes. These solutions may be made of the strengths indicated 
below. 

Chloride of Copper.— Dissolve black oxide of copper in 5 
times its weight of a mixture of equal parts of strong chlorhydric 
acid and water. Dilute the resulting solution with 3 times its bulk 
of water. [A single student in performing the experiment, may dis- 
solve a few grains of the oxide in a small quantity of the strong 
acid, and, in general, may make the solutions as needed for use by 
taking a crystal or a small amount of the required substance in 
powder, as the case may be, without regard to the exact amount. It 
is well, however, not to start with such quantities as to make the 
precipitates inconveniently bulky.] 

Arsenious Acid* — Dilute a quantity of chlorhydric acid with 
half its bulk of water and saturate it with arsenious acid at a gentle 
heat. When the solution has become cold, pour off the clear liquor 
firom the arsenious acid which has crystallized out. ^ 

Ferrous Chloride. — Treat warm dilute chlorhydric acid ( App., 
{ 8) with as much iron (wire or filings) as it will dissolve and then 
dilute the solution with an equal bulk of water. [This solution 
should be prepared only in small quantity and kept in a well-stop- 
pered bottle.] 

Chloride of Zinc. — To a quantity of chlorhydric acid diluted 
with an equal bulk of water, add as much zinc as the acid will dis- 
solve and then add to the solution 5 times its bulk of water. 

Chloride of Calcium. — Stir powdered white marble or chalk 
into chlorhydric acid diluted with twice its bulk of water until the 
acid is saturated; filter the solution if necessary. 

Chloride of Magnesium. — Add <' magnesia alba" to dilute 
chlorhydric acid until the acid is saturated, then dilute the solution 
with twice its bulk of water. 

Chloride of Sodium. — Dissolve common salt in 10 times its 
weight of water. 
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Nitrate of Silver. — Dissolve the crystallized salt in 10 times 
its weight of water. 

Mercurous Nitrate. — Dilate a small quantity of strong nitric 
acid with an equal bulk of water, and to the mixture, warmed over 
the lamp, add more mercury than will dissolve. When accion has 
ceased dilute the isolation with 5 times its bulk of water and keep in 
a bottle containing a small amoant of metallic mercnry. 

Nitrate of Lead. — Dissolve the crystallized salt in 5 times its 
weight of water. 

Mercuric Chloride. — Dissolve corrosive sublimate in 20 times 
its weight of water. 

Chloride of Bismuth, — Dissolve metallic bismnth in aqua 
regia. When the acid is saturated pour off the solution ftom the 
undissolved metal, dilute it with twice its bulk of water and add 
strong chlorhydric acid to dissolve the precipitated oxy-chloride. 
Or, dissolve the commercial sab-nitrate in chlorhydric acid and 
dilute as before. 

Chloride of Cadmium.— Dissolve the commercial salt in 10 
times its weight of water. 

Chloride of Iiead. — Boil dilute chlorhydric acid with an ex- 
cess of litharge and filter the solution when perfectly cold. 

Chloride of Antimony* — Dilute the commercial strong solu- 
tion with an equal bulk of water and add strong chlorhydric acid 
to dissolve the basic chloride which is precipitated. Or, dissolve 
the finely powdered metal in aqua regia and dilute as before. 

Sulphate of Matiganese. — Dissolve the crystallized salt in 10 
times its weight of water. 

Common Alum. — Dissolve in 10 times its weight of water. 

Chrome Alnm ~ Dissolve in 10 times its weight of water. 

Bone Ash (p. Sd) had better be kept in powder and dissolved as 
needed, in order that the student may not lose sight of the fact that 
this compound requires an acid solvent.- 

Nitrate of Cobalt* — Dissolve in 10 times its weight of water. 

Nitrate of Nickel, — Dissolve in 10 times its weight of water. 
(The chlorides of nickel and cobalt answer equally well and the 
solutions may be made of the same strength.) 

Chloride of Barium. — Dissolve the crystallized salt in 5 times 
Its weight of water. 

Chloride of Strontium. — Dissolve the crystallized salt in 5 
tiiucs its weight of water. (Tiie nitrate will answer equally well.) 



XH KNOWN 80LUTrON8.-- UTENSILS. § 63 

nitrate of Potassitim. — Dissolre 1 part of the commercUl 
salt in 5 parts of water. 

Sulphate of Sodium. — Dissolve 1 part of Glauber's salt in 10 
parts of water. 

Phosphate of Sodiunu— Dissolve commercial *< phosj^iate of 
Boda" in 10 parts of water as in App., § 26. 

Oaarbonate of Sodiunu— Dissolve 1 part of "sal soda" in 6 
parts of water. 

Oxalate of PotasBiunu — Dissolve 1 part of the crystallized 
salt in 5 parts of water. 

Tartrate of Potassiunu — Dissolve tartaric add in 5 limes its 
weight of water ai^d neutralize it exactly with carbonate of potas- 
sium. 

Iodide of PotaBSiunu — Dissolve 1 part of the crystallized 
salt in 10 parts of water. 
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63. The Implements required by the student of qualitative 
analysis are few and simple. Besides bottles for the reagents enu- 
mei-ated in the foregoiog list, and a few small phials for the preser- 
vation of samples of salts and mixtures to be analyzed, there will 
be needed: — 

A dozen test-tubes, A wash-bottle, 

A wooden test-tube rack, 2 small evaporating dishes, 

A test-tube brush, A procelain crucible, 

A nest of small beakers, 1 triangle of iron-wire^ 

2 or 3 glass stirring-rods. An iron ring-stand» 

A small thistle-, or Ihnnel-tube, A filter-stand, 

A larger thistle-tube for the gas- A lamp, 

generator, A gas-bottle for generating sul* 

1 stick of No. 7 glass tubing (see phuretted hydrogen, 

App., § S2), A common jeweller's blowpipe, 

2 or 8 sticks of No. 4 glass tub- A pair of small iron pincers (Jew- 
ing, eller's tweezers), 

S small glass Amnels, A piece of platinum fo:'}, 

A small glass flask, A bit of platinum wirC; 
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A small platinnm crucible is also A few corks or caoutchouc stop- 
very desirable,* pers, 

A few packages of cut filters, or a A piece of blue cobalt glass (see 
quire of filter paper, § 42). 

64. Beagent Bottles*— -The bottles in which reagents are 
kept should be of cylindrical shape, and rather high than wide. 
They should be closed with glass stoppers which fit accurately, but 
are not very finely ground. The stoppers should have upright (not 
mushroom-shaped) heads. Most of the liquid reagents may be 
conveniently kept in narrow-mouthed bottles of the capacity of 6 
fluid ounces ; but to avoid the necessity of frequently refilling the 
bottles, it is well to keep the solutions most commonly employed — 
namely, dilute chlorhydric and nitric acids, ammonia-water, chloride 
of ^.mmonium and carbonate of ammonium — in 8-ounce bottles. 
Care must be taken in this case to choose bottles of such shape that 
they can be readily grasped between the thumb and fingers. 

For the reagents which are to be kept in the diy state, wide- 
mouthed bottles of the capacity of 2 or 3 ounces should be chosen. 

Reagent bottles should always be made << extra-heavy," since, 
Arom constant use, they are exposed to many blows. The lustrous 
*f flint-glass " bottles of American or English make are ill suited for 
the preservation of liquid reagents ; for such glass is easily attacked 
by many chemical agents, and is therefore likely to render the re- 
agents impure. German bottles are usually to be preferred. They 
are made of glass free from lead, have- round shoulders and weil- 
ground stoppers, and are often numbered both upon the bottle and 
the stoppers, so that the proper place of the latter can always be 
discovered. French bottles, though made of good glass and sold at 
a low price, have often such square shoulders that it is wellnigh im- 
possible to empty them completely, and often difficult to pour out a 
liquid from them drop by drop. Their stoppers, moreover, are 
usually too flnely ground, and are hence constantly liable to stick 
fast. 

Each reagent bottle should be kept in a particular place on shelves 
before the operator and convenient to his hand. Whenever a re- 
agent is to be used, the bottle which contains it should be grasped in 
the right hand ; the stopper should be taken out by pinching it be- 
tween the first and second or third and fourth fingers of the left 
hand, or by pressing it between the little finger and palm of that 
hand. In either case, the bottle is withdrawn from the stopper, and 
not the stopper from the bottle. Neither bottle nor stopper should 
be put upon the table ; the stopper should be held in the left hand 
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•8 long as the bottle is open. Whei the reagent has been ponred 
oat, the bottle is immediately closed, fcnd returned to its place upon 
the shelf. If these apparently trifling particulars are scrupulously 
attended to, no stopper can ever be misplaced, or soiled by contact 
with liquids or dirt on the table; and the bottle will always be 
found in its proper place when instinctively reached for. Moreover, 
the label on the bottle cannot be injured by drops of the reagent, 
since the liquid must necessarily be poured from the back, or blank 
side of the bottle. 

When a stopper sticks tightly in the neck of a bottle, it may 
sometimes be loosened by pressing it first upon one side, and then 
upon the other, with the thumb of the right hand, while the fingers 
of that hand grip the bottle, and the bottle is held still with the 
left hand. Or the neck of the bottle may be immersed in hot water 
for a minute or two, to expand the glass outside the stopper. The 
stopper can then usually be taken out without trouble. The hot 
water may be conveniently applied by pouring a slow stream of it 
ftom a wash-bottle upon the neck of the bottle. Another way is 
to heat the neck of the bottle over a very small flame of the gas or 
alcohol lamp. No matter how the glass Is heated, the bottle must 
be constantly turned round and round, in ord^r that each side of 
the neck may be equally exposed to the heat and the risk of crack- 
ing the bottle so be lessened. 

66* Test-tubes are little cylinders of thin glass with round 
thin bottoms and lips slightly flared. Their length may be frt>m flve 
to seven inches, and their diameter from one half to three fourths 
of an inch ; they should never be so wide that the open end cannot 
be closed by the ball of the thumb. 

Test-tubes are used for heating small quantities of liquid over the 
gas- or spirit-lamp ; they may generally be held by the upper end in 
the flngers without inconvenience ; but in case they become too hot 
to be held in this way, a strip of thick folded paper may be nipped 
round the tube, and grasped between the thumb and forefinger just 
outside the tube. 

Two precautions are invariably to be observed in heating test- 
tubes : — 1st. The outside of the tube must be wiped perfectly dry ; 
and 2d. The tube must be moved in and out of the flame for a min- 
ute or two when flrst heated. It should be rolled to and fro also to 
a slight extent between the thumb and foreflnger, in order that each 
side of it may be equally exposed to the flame. A drop of water on 
the outside of the tube keeps one spot cooler than the rest. The 
tube breaks, because its pari , being unequally heated, expand un- 
equally, and tear apart. 



TiK> I. 



§5 66-70 FLASKS.— FILTSBnm. xT 

When a llqnld la boiling kctlrelj In a test^tabe, It BomettmeB hBp- 
peos tbat portions of the hot llqald are projected ont of the tnbe 
with some fbrce ; ths tabe ahonld therefore always be held in an in- 
clined position, and the operator should be careM not to direct It 
towards tilmself, or towards any other person In his neighborhood. 

Test-tubes are cleaned bj the aid of 
cylindrical brnsheamade ofbrietles eaoght 
between twisted wires, lifce those osed 
for cleaning lamp-chimneys ; the brushes 
ihoald have a round end of bristles. 

60. Test-tube Back.— Test-tabes 
are Icept in a wooden rack, snch as is rep- 
resented in Figure 1. When in ose, the 
tnbes stand npilght in the holes of the 

rack ; but clean tubes are Inverted npon the pegs behind the holes, 
in order that they may be kept free from dust, and that the last por- 
tions of wash-water may drain away trom them after washing. 
The rack should be large enongh to hold a doien tubes. Care 
shonld be taken that the tubes are washed perfectly clean befbre 
being inrerted on to Uie pegs lest the pegs Ihemselves become dirty, 

67. Flaska. — Small Berila flasks of two or three ounces capa- 
city are well snlted for the pcrposes of quuJltatlfe analysis. These 
German flasks are tongb, capable of nlLbstanding sudden changes 
of temperature, and darable, althongh their bottoms and sides hare 
all the requisite thinness. When a liqald Is to be boiled in a flask, 
the flask ahonld be placed npon a support of wire-gauM (App., g 78), 
and sufficiently lacllaed to prevent any particles of the liquid flrom 
being thrown out of the neck by the movement of ebullition. 

As with test-tubes and all other glass or porcelain vessels of 
whatever form, the outside of a flask must be wiped perfectly dry 
before exposing It to the lamp. The flame should be moved about 
also beneath the flask, at flrst, In order that the temperature of the 
latter may be raised equally and not too rapidly. 

68. Beakera are thin, flat-bottomed tumblers wlib a slightly 
flaring rim. They are bought in sets or nests. A nest In which 
the largest sUed beaker has a capacity of about 6 ounces Will bo 
snfflcient for the requirements of tbls work. 

69. QlasB Fimnelfl ehoold be thin and tight, and should be 
about 2 or 2.6 inches In diameter. Their skies should Incline at an 
angle of 60°. The wider the throat of the funnel the better. 

70. Filtering. — Paper fllters are employed in qualitative aoaly 
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•is to sepanle precipitates from the Uqnids In which they have beea 
formed^ A good fllterlng<>paper mast be poroas enough to filter rap. 
idly, and yet snfflcienUy dose in text«re to retain the finest powders ; 
and it roost also be strong enoogh to bear, when wet, the pressure of 
the liquid wliich is poured into upon it. filter-paper should never 
contain any gypsum or other soluble material, and should leave only 
a small proportion of ash when burned. White or light-gray paper 
is to be preferred to colored, since it more commonly fhlflls these 
requirements. 

Filtering-paper is commonly sold in sheets, which may be cut into 
circles of any desired diameters tot use, according to the various 
scales of operation, and quantities of liquids to be filtered. Or pack'' 
ages of ** cut-filters " may be procured ready-made from the dealers 
in chemical wares. 

As a general rule, small filters should be employed in analytical 
operations; the mixture to be filtered should be poured by small 
successive portions upon a filter no larger than is needed to hold 
-,. n the whole of the solid matter which is to be col- 

lected. Filters about three inches in diameter are 
well suited for most of the analytical operations 
described in this work, though there are many 
cases where smaller filters are required, and a few 
Instances in which filters as large as four inches 
in diameter might be necessary. 

There are two ready methods of preparing filters 
for use. According to the first method, shown in 
Fig. 2, a circle of paper is folded over on its own 
diameter, and the semicircle thus obtained is 
folded once upon itself into the form of a quadrant ; the paper thus 
folded is opened so that three thicknesses shall come upon one side, 
and one thickness upon the other, as shown in the upper half of 
Fig. 2 ; the filter is then placed in a glass fUnnel, the angle of which 

should be precisely that of the opened paper, viz., 
Flff. 8. 60°« The paper may be so folded as to fit a ftrnnel 

whose angle is more or less than 60°, bat this is the 
most advantageous angle, and ftmnels should be 
selected with reference to their correctness in this 
respect. 

In the second method of folding filters, the circle 
of paper Is doubled once upon itself lis before into 
the form of a semicircle, and a fold equal to one 
quarter of this semicircle is turned down on each 
side of the paper. Each of the quarter semicircles 
is then folded back upon itself, as shown in th^ }9wef ha}f of Fig. 8 1 
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the filter is opened, witboat distnrbing the folded portions, and 
placed in the ftinnel. Filtration can be rapidly effected with this 
kind of filters, for the projecting folds keep open passages between 
the filter and the Itinnel, and thns facilitate the passage of the liquid. 
That portion of the circle of paper, which mtist necessarily be 
folded up in order to give the requisite conical form to a paper 
filter, retards filtration in the first manner of folding, but helps it 
in the second. 

A filter should always be moistened with water after it has been 
placed in the fUnnel, in order that the fibres of the paper may be 
swollen and the size of its pores diminished, before any of the mat- 
ter to be filtered can pass into them. 

Coarse and rapid filtration — as in the preparation 
of reagents — can be effected with paper filters of large 
size, or with cloth bags ; also by plugging the neck of 
a fUnnel or leg of a siphon loosely with tow or cotton. 
If a very acid or very caustic liquid, which would de- 
stroy paper, cotton, tow or wool, is to be filtered, the 
best substances wherewith to plug the neck of the 
fUnnel are asbestos and gun-cotton, neither of which 
is attacked by such corrosive liquids. 

71* Filter-StaacL — Filters less than two inches in 
diameter may be placed directly in the mouth of a test-tube with* 
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out need of even a fkinnel to support 
them ; and in general the fUnnel which 
holds a filter may be thrust directly 
into the mouth of a test-tube when^^ 
ever the quantity of liquid to be fil- 
tered is small, if only an ample eztt 
be provided for the air in the tube, 
in the manner shown with the bottle 
of Fig. 4. 

But when the quantity of liquid to 
be filtered is comparatively large, or 
the operations to which the filtrate 
is to be subjected require that it 
should be collected in a -beaker .or 
porcelain dish, the ftinnel should have 
an independent support. The iron 

ring stand, described in § 76 of this Appendix, may be used for thi« 
purpose in case of need ; but wooden, stands of the form repre« 
sented in Fig. 5, adapted expressly for holding fUnnels, are very 
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convenient and not expensive. Tlie horizontal bar which holds the 
ftiunel may be fixed at any heijsrht on the vertical sqaare rod by 
means of a wedge-shaped key, whose form is shown in the figure. 
A fine-grained wood, which does not swell or shrink much, is desir- 
able for filter* stands. 

In general, care should be taken that the lower end of the fhnnel 
toach the side or edge of the vessel into which the filtrate descends, 
in order that the liquid may not fall in drops, but run quietly with- 
out splashing. 

72. Bapid Filtration. — Since in the course of an analysis 
much time is consumed in the process of filtration, it is desirable 
that this operation should be made as rapid as possible. A con- 
siderable advantage over the ordinary method may be gained by 
increasing the length of the tube of the funnel by the addition of a 
piece of glass-tubing a metre or so in length and bent as 
^^* ®' represented in Fig. 6. When the fdnnel and the tube are 
filled with liquid, the diflTerence of pressure on the upper 
and lower surfaces is great enough to cause a very sensible 
increase in the rapidity of the filtration. A far more effi- 
cient method of hastening the process of filtration by 
causing a difference in pressure on the upper and lower 
surfaces of the liquid to be filtered, may be made available 
wherever a constant supply of water with a fall of 8 or 10 
feet can be obtained. The details of the process and of a 
convenient form of the apparatus which may be employed, 
will be described presently ; the principle of the method 
is as follows: — 
The filtrate instead of being received in a beaker as is 
nsual, is received in a fiask from which the air is more or less com- 
pletely exhausted. This exhaustion is accomplished by the use of 
a sort of ** water-pump " which is an adaptation of a very simple 
ju^ „ principle. Let a h and c d be two tubes, arranged 

a * . as represented in Fig. 7. If water be allowed 
to flow in a constant stream down the tube a b 
and the amount of water supplied be properly 
regulated, that part of the tube a h which is be- 
low the junction with c d will be filled with bub- 
bles of air, which is drawn in continuously 
through c d and dragged down by the falling wa- 
ter ; if the tube at c be connected with a closed vessel, the air in the 
vessel will be gradually exhausted. The efficiency of such a pump 
depends in a measure upon the relative size of the tubes and the 
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amount of water supplie \, Various funnc of apparatus in which 
advantage is taken of this general principle mighc be and have been 
devised. As adapted for purposes of nitration the apparatus is 
known as Bunsen's ''fllter-pump"; on account of the great advan- 
tage to be gained by its use, the apparatus, and the method of con- 
ducting the filtration will be given in detail. 

A strong glass flask (for the purposes of qualitative analysis, one 
of from 2 to 4 ounces capacity wUl answer) is ftirnished with a 
doubly-perforated caoutchouc stopper : through one of the perfora- 
tions is thrust the neck of a glass funnel and through the other a 
piece of No. 7 glass tubing, bent at a right angle. Pig. 8. 
This tube serves to connect the flask with the appa- ^ 
ratus designed to eflToct the rarefaction of the air in 
the flask. If any considerable difference of pressure 
were brought about between the upper and lower 
BurfEU^es of the liquid in the fUnnel, the filter would 
most likely break and allow the precipitate to fall 
into the flask. This danger is obviated as follows : 
— A fUnnel is chosen possessing an angle as near 60° as possible, 
the walls of which must be free from inequalities of every sort. 
Into this glass funnel is fltted a second fhnnelor rather cone of thin 
platinum foil, the sides of which possess exactly the same inclina- 
tion as those of the glass fUnnel. This platinum cone is made by 
cutting out from a piece of the thinnest platinum foil that can be ob- 
tained, a portion of a circle as represented in Fig. 9, a. For use 
with a ftinnel two inches in diameter, this circle may conveniently 
have a radius of 1 inch. The foil is then laid upon a piece of p|^^ g^ 
hard wood and a number of small holes are punched out of it* 
A ready implement for this purpose may be made by grind- 
ing off squarely the point of a common sewing-needle and 
fitting the needle to a wooden handle. When gently tapped 
with a hammer, this punch forces out a small round bit of 
the foil and, by subsequently rubbing the foil on the bottom 
of a mortar with the pestle, any inequalities of surfoce are 
avoided. When the foil has been annealed by being heated 
to redness in the lamp and allowed to cool, it is bent up 
into the shape of a cone as represented in Fig. 9, h. This 
cone should have the same angle of inclination as the ftinnel in 
which it is to be used, and it is desirable that the frmnel should be of 
an angle of 60° ; still if the fUnnel be regular in shape, it can be used 
although it varies somewhat from this angle. The cone is best 
fitted to the fhnnel by the following manipulation. 
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A solid cone of close-grained hard wood, or better of brass (Fig. 
10, a), which has been tamed to an angle of 60°, is laid npon the 

platUmm foil in snch a position that the apex 
Fi«, 10. of the cone comes at the centre of the circle of 

which the foil forms a part; the foil is then 
folded up and shaped with the fingers so that 
it fits the cone closely. The two edges of the 
foil lap, and if they were soldered in this posi- 
tion the cone would, of course, have an angle 
of 60°. The platinum cone is now inserted in 
the fUnnel to be used, and opened out a little 
with the fingers, if necessary, so that it fits 
the glass. The ftinnel should diflbr so little from 60° that the 
edges overlap each other only slightly more or slightly less than 
when the foil was fitted to the wooden cone.* By means of a 
sharp point make two scratches on the platinum cone, to show where 
the overlapping edges come when the foil is in position, and then 
remove the cone fh)m the fUnnel. Hold the platinum by means of 
a pair of pincers in the same position that it occupied when in the 
funnel, which is easily done by observing the scratches made. Then 
heat the cone (Fig. 9, h) at the outer overlapping edge, with a blow- 
pipe flame, put on a small amount of powdered borax, heat again, 
then put on a bit of pure gold and heat until the gold melts and 
solders the two edges together. The cone should be held, the gold 
put on, and the blowpipe-flame directed in such a manner tnat the 
melted gold wUl run down towards the apex of the cone and- not 
in the contrary direction. After dissolving off the adhering boraal 
with warm water, the cone is ready for use. An ordinary papei 
filter, folded according to the first method of App., § 70 is introduced 
into this compound ftmnel in the usual manner; when carelUlly 
moistened and so adjusted that no air-bubbles are visible between 
it and the glass, this filter, when filled with a liquid, will suppott 
the pressure even of an extra atmosphere without breaking. 

A convenient form of the Bunsen pump is represented in Fig. 11. 
The tubes (ah, he, hh) which are represented in the figure may 
be very conveniently made of quarter- inch lead pipe (see also, p. xxii, 
near bottom) and the bulb-like enlargement at d may also be made of 

* This wooden or biSM cone Is not easential; the pUtinam oone could be shaped 
In the funnel with proper care; it is, however, very convenient, especially ia a laU* 
oratory where there are a number of students. In procuring such a cone, II Is well 
to lay out with a protractor on a piece of thin sheet tin an angle of 60^, to tfuk th||i 
•ut and then to give the pattern (templet) (o the workman employed* 
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of lead and soldered on to the smaller pipe. The water is supplied 
in not too large amowU by the cock a, and as it passes along the pipe 
ah c and into the waste c k, it carries with it a continaal stream of 
air babbles dragged throagli h d. This tabe, h d, communicates in- 
directly with the flask F which is not connected immediately with 
the pump ; the connection is interrupted by the bottle E, fhrnished 
with a perforated stopper through which pass three glass tubes. 
One of these tubes connects with the flask F; one (by means of 
caoutchouc tubing) with the lead pipe h; one with the manometer 
fit. The object of this bottle i^ is to prevent the flow of water into 
the flask F, in case, as sometimes happens, the operator in letting 
on too rapid a stream of water causes it to rise in the bulb d and 
flow over into the tube h h. All the connectors should be of very 
thick caoutchouc tubing tightly fltted and then varnished with a 
strong solution of shellac ; the stopper of the bottle E may be treated 
in the same manner. 

The manometer-bottle G^ is a convenient but not absolutely essen- 
tial addition. It consists simply of a small bottle containing a quan- 
tity of mercury, to the surface of which the atmosphere has access 
through a small glass tube. The tube m dips below the mercury 
and connects with the bottle E, As the air is rarified in E (and in 
the flask F), the mercury rises in the tube m; this tube may be 
divided into centimetres or inches by means of a file, or it may be 
provided with, or attached to, a paper or wooden scale. 

The amount of rarefaction that can be produced by this means 
depends, of course, upon the head of water accessible, and this will 
be determined by the difi'erence in height between the points b and k^ 
the extremity of the waste-pipe. With a tall of 35 ft. it is possible 
to obtain nearly a perfect vacuum, but a fall of 8 or 10 feet is suffi- 
cient for the purposes of qualitative analysis. 

In operating the fllter-pump certain precautions should be ob- 
served. Care should be taken that the water be not supplied in too 
large an amount. To this end it is well to have the cock or valve 
so arranged as to make it impossible to let on more water than ex- 
perience shows to be necessary. The greatest efl'ect is produced by 
the smallest amount of water that will drag the air down the pipe 
c A; in the form of bubbles, and in order to observe the flow of air it 
is well to make a portion of the pipe k of glass. (For that matter, 
all the pipes may be made of glass tubes Joined by thick caoutchouc 
connector ; glass tubing of size No. 5 (see App., § 82) will answer ; 
and the bulb d may also be blown of glass by a person possessing 
sufficient skill.) In using the pump the water should be let on bcfor« 
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the connection is made with the filtering flask and the flask should 
be removed before the water is shut off.* 

73. Porcelain Dishes and Crucibles. — Small open dishes 
which will bear heat without cracking, are much used for boiling 
and evaporating liquids. The best evaporating-dishes are those 
made of Berlin porcelain, glazed both inside and out, and provided 
with a little lip projecting beyond the rim. The dishes made of 
Meissen porcelain are not glazed on the outside, and are not so 
durable as those of Berlin manufkcture ; but they are much cheaper, 
and with proper care last a long time. 

The small Berlin dishes, Nos. " 00," " 0," and " l,** are well suited 
for all the requirements of this work. They will generally bear an 
evaporation to dryness and subsequent ignition over the open flame 
of a gas lamp, — as when ammonium salts are expelled f^om Class 
VII (§ 41), — but it is well to protect the dish somewhat by placing 
it upon a piece of wire-gauze, rather than to support it upon a sim- 
ple triangle. The Meissen dishes do not so well endure an open 
flame. The cheaper kinds of evaporating dishes, made of *< semi- 
porcelain,** should never be subjected to this severe treatment; 
they are, for that matter, unfit for use in qualitative analysis. 

Very thin, highly glazed porcelain crucibles, with glazed covers, 
are- made both at Berlin, and at Meissen near Dresden. In general 
the Meissen crucibles are thinner than the Berlin, but the Berlin 
crucibles are somewhat less liable to crack ; both kinds are glazed 
inside and out, except on the outside of the bottom. The Berlin 
Nos. "00" and " 0," respectively 1 1-4 and 1 1-2 inches in diameter, 
are best suited for the purposes of this manual. As the covers are 
much less liable to be broken than the crucibles, it Is advantageous 
to buy more crucibles than covers, whenever it is possible so to do. 
Porcelain crucibles are supported over the lamp on an iron-wire 
triangle ; they must always be gradually heated, and never brought 
suddenly into contact with any cold substance while they arc hot. 

74. Ijamps* — The common spirit-lamp will be understood with* 
out description from the figure (Fig. 12). When not Pig. 12. 
actually lighted, the wick must be kept covered with 
the glass cap; for 1/ the wick were exposed to the 
air, the alcohol in the spirit upon it would evaporate 
flEister than the water, and the cotton would soon be- 
come water-soaked and incapable of being lighted. 

Whenever gas can be obtained, gas-lamp3 are 
greatly to be preferred to the best spirit-lamps. For 
all ordinary uses, the gas-lamp known as Bunsen'8 

* See Note on page zlvl. 
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barner may be employed. The cheapest and best constroction of 

the lamp may be learned flrom the following description with the 

Fiff.l3« accompanying figure. (Fig. 18.) The 

single casting of brass a h comprises 
the tube h through which the gas en- 
i ters, and the block a from which the 
gas escapes by two or three fine verti- 
cal holes passing through the screw d 
and issuing from the upper fiice of d, 
as shown at e. The length of the tube 
b is 4.5 c. m., and its outside diameter 
varies from 0,5 c. m. at the outer end 
to 1 c. m. at the Junction with the 
block a. The outside diameter of tha 
block a Is 1.6 c. m., and its outside height without the screws is 1.8 
c. m. By the screw c, the piece a & is attached to the iron foot g^ 
which may be 6 c. m. in diameter. By the screw d, the brass tube 
/ is attached to the casting a &. The diameter of the face 6, and 
therefore the internal diameter of the tube / should be 8 m. m. 
The length of the tube/ is 9 c. m. Through the wall of this tube, 
four holes 5 m. m. in diameter, are to be cut at such a height that, 
the bottom of each hole will come 1 m. m. above the fiace e when 
the tube is screwed upon a b. These holes are of course opposite 
each other in pairs. The finished lamp is also shown in the figure. 
To the tube h a caoutchouc tube of 5 to 7 m. m. internal diameter is 
attached ; this flexible tube should be about 1 m. long, and its other 
extremity should be connected with the gas-cock through the in- 
tervention of a short piece of brass gas-pipe screwed into the cock. 
In cases where a very small flame is required, as, for instance, in 
evaporating small quantities of liquid, a piece of wire gauze some- 
what larger than the opening of the tube/ should be laid across the 
top of the tube, and its projecting edges pressed down tightly 
against the sides of the tube before the gas is lighted. In default 

of this precaution, the flame of a Bunsen 
burner, when small and exposed to currents 
of air, is liable to pass down the tube and 
ignite the gas at d. 

A smaller and somewhat cheaper lamp, 
made on the same principle as the ordinary 
Bunsen burner, is represented in Fig. 14. 
The << tip " of the burner is cast of brass, 
and the construction will be evident ttom 
the enlarged section (&)• The stand or foot 
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is the same as shown in Fig. 13, except that the opening for the 
gas is larger. These lamps are excellent where a small flame is re- 
quired, as it is almost impossible for the gas to <*back down" and 
ignite at the lower opening. Tips are also made, as shown ate: 
here the upper opening is closed, and the gas issues Arom smaller 
openings in the sides of the tube forming a '* rose "; this form of 
burner is of especial service when evaporating a solution in a porce- 
lain dish where it is desirable to heat the liquid equably. Either of 
the tips described may be screwed upon an ordinary gas-burner in 
default of the stand or foot above represented. These burners can 
be procured of M. W. Fierce & Co., Gas and Steam Fitters, Boston, 
Mass. 
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76. Blast-lamps and Blowers. — Though well suited for aU 
the ordinary operations of the labor- 
atory, the lamps above described are 
incapable of yielding a very intense 
heat. Hence, when the contents of 
a platinum crucible are to be ftised 
or intensely heated, a blast-lamp 
will be found useflil. The best form 
is that sold under the name of Bun- 
sen's Gas Blowpipe. Its construc- 
tion and the method of using it may 
be learned from the accompanying 
figure ; a & is the pipe through which 
the gas enters, c is the tube for the 
blast of air ; the relation of the air- 
tube to the external gas tube is 
shown at d; there is an outer slid- 
ing tube by which the form and 
volume of the flame can be regu- 
lated. 

If gas is not to be had, a lamp burning oU or naphtha may be em- 
ployed. Figure 16 represents a glass- 
blower's lamp, made of tin and suita- 
ble for burning oil. A large wick is 
essential, whether oil or naphtha be 
the combustible. 

For every blast-lamp a iSlowing- 
machine of some sort is necessary. 
To supply a constant blast it is essential that the bellows b« 
of that construction called double. 
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Elg. IT KpreMDta a very good form of blowpipe-table, nade hj 
3. H. CaII, North Blllerlca, Mass., and costlns about thirty dollars. 
The boUowB ore made of Beamless rubber cloth ; the table la 0.8 metre 



Ugh, fttim which the other dlmenstons nay be Inferred. A slmpk r 
Ibrm of bellows, and one which can be made by an; carpenter or 
cabinet-maker, is represented in perspective and in section In 



Fig. IS. The sides of the bellows and of the reservoir are made 
of stoat leather. The arrangement of Talves will be evident from 
the figure; a conetaiit pressure is ma'it^ned on the reservoir by 
means of a spiral spring, and the ^rla letlTered through the tnbe t. 
The rod which Is represented in the flgarn serves simply as a 
guide. The entire length from a to 6 may be O.G metre. 
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Where UD Hbandant supply of water la at commantl, a. Bannen 
pnmp of Ibe kind dcscribtsti In App., % Vi, but of larger size, may b* 
Dscd to farnlah a blast. The pipe above the eolar^tncut d (aee Fig 
11} Is leit opeD to the air Instead of connectiDg p^ ^^ 

with a flask as represented In Fig. 11. The 
wuste-pipe k passes throngh the cork of large 
bottle. Fig. 19, of some litres capacity. Throagh 
the stopper of this bottle there pass also two 
glass tnbes ; one of them, h, reaches nearly to the 
bottom of the bottle and serves as a siphon ; the 
other merely exteods throagh the cork, and to 
It is attached the tube f, to convey the blast to 
any desired point. The water and air which 
together flow down the pipe fc b, pass into the 
bottle. When the water Is tamed on, the 
caontchoQc tabe 7 f is closed for aroonentwltli 
the thnmb and flDger. This starts the water 
through the siphon, and Immediately a con- 
ttoDODS and powerfol blast of idr rushes out 
through the tubo g i, and may bo carried directly 
to the blow-pipe. The siphon most be capable 
of carrying off a larger stream of water than that which Is allowed 
to enter, so that there shall never be more than 8 or 4 c. mi of water 
Id the bottle. 

The efficiency of the blast depends npon the dimensions of the 
tubes and the head of water employed; one of the Bnnsen pnmps 
in the laboratory of the Institute of Technology nsed to flirnlsh a 
blast for the blowpipe Is made of half-luch lead pipe and there Is a 
fkUofaboutSOfbet. It is, however, by no means necessary to have 
so great a Aill ; a fidl of 6 or 6 fbet furnishes an efficient blast, bat 
the amonnt of water nsed ia mnch larger. 

In default of a blast lamp, platlnnm cmclbles may readily be 
ignited in a Are of coke or anthracite. To this end, place the tightly 
covered platlnnm cm clble In a somewhat larger cmcible of refractory 
clay or Hessian ware, and pacfe the apace between the two cmcl- 
bles tightly with calcined magnesia, so that the platinum may no- 
where come in contact with the clay. Cover the coarse craclble, 
and place It, with its contents. In the coal Are, in such a manner that 
it may be gradually heated ; flnally, imbed the cmcible in the glow- 
ing coals and nrge the draught of the rtimace tbr half an hoar. 
Tbc degree of heat to which the contents of the platinum cmcible 
may be es^iosed, in Uils way, in an efficient Are, is really ta greater 
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than that of the blast lamps abore described bat the lamps are 
more conyeDlent than the fire. 

The eflbct of a simple Banseii*s bamer may be greatly increased, 
without the use of any blower, by sarroanding its flame with a 
cylinder of lire clay, 8 inches in diameter by 4 or 5 inches high, and 
haying walls at least 3-8 of an inch thick. The cracible, or othe< 
body to be heated, is hong in the middle of this chimney, and is 
thus exposed not only to the direct heat of the flame, bat also to the 
radiant heat from the clay walls which snrroand it. 

Where no gas is to be had, an alcohol lamp with circular wick, of 
some one of the numerous forms sold under the name of Berzelius's 

Argand Spirit Lamp (Fig. 20), 
^^ will be found usefhl. These 

argand lamps are usually 
mounted on a lamp-stand pro- 
vided with three brass rings ; 
but the flttlngs of these lamps 
are all made slender, in order 
not to carry off too much 
heat. When it is necessary 
to heat heavy vessels, other 
supports must be. used. 

70. Iron-standyTripody 
Wire-gauze and Triangle. 
— To support vessels over the 
gas -lamp, an iron stand is used 
consisting of a. stout vertical 
rod fastened into a heavy, 
cast-iron foot, and several iron rings of graduated sizes secured to 
the vertical rod with binding screws ; all the rings may be slipped 

Fiff Sl« ^^ ^^® ^^^' ^' ^^^ ^°^ °^^^ ^^ aci^usted. at any con- 
venient elevation. The general arrangement is not 
unlike that of the stand which makes part of the Ber- 
zelius lamp (Fig. 20), although simpler and cheaper. 
As a general rule, it is not best to apply the direct 
flame to glass and procelain vessels ; hence a piece of 
iron wire-gauze of medium flneness is stretched loosely 
over the largest ring, and bent downwards a little for 
the reception of round-bottomed vessels;, on this 
gau^e, flasks and porcelain dishes are usually sup- 
ported. Crucibles, or dishes, too small for the small- 
est ring belonging to the stand, are conveniently sup« 
ported on an equilateral triangle made of three pieces 
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of soft iron wire twisted together at the apices ; this triangle is laid 
oil one of the rings of the stand. An iron tripod, — 
that is, a stout ring supported on three legs, — Fig. 22. 

may often be nsed instead of the stand above 
described, but it is not so generally usefUl be- 
cause of the difficulty of adjusting it at vari- 
ous heights; with a sufficiency of wooden 
bloclcs wherewith to raise the lamp or the tripod 
as occabion may require, it may be made availa- 
ble. 

77, Water-bath and Sand-bath. — It Is often necessary to 
evaporate solutions, or to dry precipitates at a moderate tempera- 
ture which can permanently be kept below a certain known limit; 
thus, when an aqueous solution is to be quietly evaporated withoat 
spirting or jumping, the temperature of the solution must never be 
suffered to rise above the boiling-point of water, nor even quite to 
reach this point. This quiet evaporation is best 
effected by the use of a water-bath, — a copper ^^* ^^' 

cup whose top is made of concentric rings of dif* 
fe rent diameters to adapt it to dishes of various 
sizes (Fig. 23). This cup, two thirds fUll of watert 
is supported on the iron-stand over the lamp, and 
the dish containing the solution to be evaporated 
is placed on that one of the several rings which 
will permit the greater part of the dish to sink 
into the copper cup. The steam rising from the 
water impinges npon the bottom of the dish, and brings the liquid 
within it to a temperature which insures the evaporation of the 
water, but will not cause any actual ebullition. The water in the 
copper cup must never be allowed to boil away. Wherever a con- 
stant supply of steam is at hand, as in buildings warmed by steam, 
the copper cup above described may be converted into a steam-bath 
by attaching it to a steam-pipe by means of a small tube provided 
with a stop-cock. 

An empty tomato-can ftimished with rings as above may take the 
place of the copper cup, and, in foct, a cheap but serviceable water- 
bath may be made from, a quart milk-can, oil-can, tea-canister, or 
any similarly shaped tin vessel, by inserting the stem of a glass ftinnel 
into the neck of the can through a well-fltting cork. In this fhnnel the 
dish containing the liquor to be evaporated rests. The can contains 
the water, which is to be kept just boiling. On account of the shape 
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of the fbirael, dishes of rsrioos sizes ean be nsed with the same 
sppnratns. 

When a gradaal and equable heat higher than can be obtained 
upon the water-bath is required, a sand-bath will sometimes be 
found useftil. A cheap and conyenlent sand-bath may be made by 
beating a disk of thin sheet iron, about four inches in diameter, into 
the form of a saucer or shallow pan, and placing within it a small 
quantity of dry sand. The dish or flask to l>e heated is imbedded in 
the sand, and the apparatus placed upon a ring of the iron-stand 
over a gas-lamp. 

73. Blowpipes. —The mouth-blowpipe in its simplest form is 
a tube bent near one extremity at a right angle. Fig. 24, a, repre- 
sents a common form of blowpipe used by jewellers. The blowpipe 
is rendered more convenient by the addition of a mouth-piece and a 

chamber near the right angle for the condensa- 
tion of moisture. Fig. 24, h and c, represent 
A /^- o different forms of blowpipe thus fUrnished. 

n The cheapest and best form of mouth blowpipe 

for chemical purposes is a tube of tin-plate, 
about 18 c. m. long, 2 c. m. broad at one end, 
and tapering to 0.7 c. m. at the other (Fig. 24. 
h) ; the broad end is closed, and serves to re- 
I tain the moisture; a little above this closed 

end a small cylindrical tube of brass about 
5 c. m. long is soldered in at right angles ; this 
brass tube is slightly conical at the end, and car- 
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rles a squall nozzle or tip, which may be made 
u either of brass or platinum. The tip should be 

'ssss^ss^S^as^ drilled out of a solid piece of metal, and should 

not be fastened upon the brass tube with a 
screw. A trumpet-shaped mouth-piece of horn or boxwood is a con- 
venient, though by no means essential, addition to this blowpipe. 
For convenience in cleaning and packing, blowpipes are often made 
in several pieces, as is the one represented in Fig 24, c. 

The blowpipe may be used with a candle, with gas or with any 
liand-lamp proper for burning oil, petroleum or any of the so-called 
burning fluids, provided that the form of the lamp below the wick-^ 
holder is such as to permit the close approach of the object to be 
heated to the side of the wick. When a lamp is used, a wick about 
1.2 c. m. long and 0.5 c. m. broad is more convenient than a round 
or narrow wick. The wick-holder should be filed off on its longer 
dimension a little obliquely, ami the wick cut parallel to the holder, 
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in order that the blowpipe flame may be directed downwards when 
necessary (Figs. 25 aod 26). A gas flame suitable for the blowpipe 
is readily obtained by slipping a narrow brass tube (Q, open at both 
ends, into the tabe / of Bansen's burner. (See Fig. 13.) This 
blowpipe-tube must be long enough to close the air apertures in the 
tube/, and should be pinched together and flled off obliquely on top ; 
it may usually be obtained with the burner from dealers in chemical 
ware. 

To use the mouth blowpipe, place the open end of the tube be- 
tween the lips, or, if the pipe is provided with a mouth-piece, press 
the trumpet-shaped mouth-piece against the lips; fill the mouth 
with air till the cheeks are widely distended, and insert the tip in 
the flame of a lamp or candle \ close the communication between the 
lungs and the mouth, and force a current of air through the tube 
by squeezing the air in the mouth with the muscles of the cheeks, 
brt'athing, in the meantime, regularly and quietly through the nos- 
trils. The knack of blowing a steady stream for several minutes at 
a time, is readily acquired by a little practice. It will be at once ob- 
served that the appearance of the flame varies considerably, accord- 
ing to the strength of the blast and the position of the jet with 
reference to the wick. 

When the Jet of the blowpipe is inserted into the middle of a 
candle-flame, or is placed in -^ig.^ 26. 

the lamp-flame in the posi- 
tion shown in Fig. 26, and a ^'fc:^ ''*'***v^ 
strong blast is forced through i^^^^/^^^>^^<» 
the tube, a long, blue cone of 
flame, a 5, is produced, be- 
yond and outside of which 
stretches a more or less col- 
ored outer cone towards c. 
The point of greatest heat in this flame is at the point of the inner blue 
xone, because the combustible gases are there supplied with Just the 
quantity of oxygen necessary to consume them, but between this point 
and the extremity of the flame the combustion is concentrated and in- 
tense. The greater part of the flame thus produced is oxidizing in its 
effect, and this flame is technically called the ox^isrfn^^ame From the 
point a of the inner blue cone, the heat of the flame diminishes in both 
directions, towards &, on the one hand, and towards c on the other; 
most substances require the temperature which is found between a 
and c* Oxidation takes place most rapidly at, or Just beyond the 
point c of the flame, provided that the temperature at this point is 
high enough for the special substance to be heated. 
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A flame of precisely the opposite chemical effect may be produced 
with the blowpipe. To obtain a good reducing flame, it is necessary 
to place the tip of the blowpipe, not within, but just outside of the 

flame, and to blow rather 
Vig. 36. Qygj. j^j^Qj^ through the mid- 

dle of the flame (Fig. 26) 
In this manner, the flame Is 
less altered in its general 
character than in the former 
case, the chief part consist- 
ing of a large, luminous cone* 
containing a quantity of free 
carbon in a state of intense 
Ignition, and just in the condition for taking up oxygen. This flame 
is, therefore, reducing in its efl*ect, and is technically called the re^ 
ducing flame. The substance which is to be reduced by exposure 

to this flame, should be completely cov- 
ered up by the luminous cone, so that 
contact with the air may be entirely 
ayoided. It is to be observed that, 
whereas to produce an eflbctive oxidiz- 
ing flame a' strong blast of air is desira- 
ble, to get a good reducing flame, the 
operator should blow gently, with only 
enough force to divert the lamp-flame. 

Substances to be heated in the blow- 
pipe flame, are supported, sometimes oq 
charcoal, and sometimes on platinum foil 
or wire, or in platinum spoons or forceps. 
Charcoal is especially suitable for a support In experiments of re- 
duction. With reference to the choice of charcoal for blowpipe 
experiments, see § 81. The manner of holding the blowpipe is 
illustrated by Fig. 27. 

79. FlatinTim Poll and Wire. — Pincers. — A piece of plati- 
num foil about 1 1-2 Inches long, and 1 Inch wide will be sufficient. 
The foil should be at least so thick that It does not crinkle when 
wiped ; and It is more economical to get foil which Is too thick than 
too thin, for It requires flrequent cleaning. To keep foil in good 
order it should be frequently scoured with flue moist sand, and in 
case the foil becomes wrinkled it may be burnished by placing it 
upon the bottom of an Inverted agate or porcelain mortar and rub* 
blng it strongly with the pestle. 
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A bit of platinam wire, not stoater than the wire of a 
small pin and abont 8 inches long, will last a long time '^' ^®» 
with carefUl usage. It may be cleaned by loug-continaed /^ 
boiling in water. A small loop about as large as this O, 
should be bent at each end of the wire. 

When platinum foil is to be heated, it may be held at 
one end with a pair of the small steel pincers known as 
Jewellers' tweezers. A piece of platinum wire, as long 
as the one above described, can be held in the Augers 
without Inconvenience, for platinum is, comparatively 
speaking, a bad conductor of heat. Pieces of wire, too 
short to be held, may be made serviceable by thrusting 
one end of the wire into the end of a glass rod or closed 
tube which has been softened in the blowpipe flame. 

80, Platinum Crucibles. —For several of the | 
operations of quantitative analysis as now practised, 
platinum crucibles are indispensable, and though not O 
absolutely necessary for the profitable study of qualita- 
tive analysis, one of these vessels will often be found conven- 
ient by the student of the elements of analysis. It will be well, 
therefore, for the student, who proposes to continue his chemi- 
cal studies beyond qualitative analysis, to procure a platinum 
crucible once for all. A crucible of the capacity of about 20 cubic 
centimetres will bo large enough for most uses ; it should be cylin- 
drical rather than flaring, and should be provided with a loose 
cover in the form of a shallow dish. For the purposes of this book, 
however, a small crucible holding 7 or 8 cubic centimetres answers 
every purpose and a cover is not essential. 

No other metal, and no mixture of substances ft'om which a metal 
can be reduced, must ever be heated in a platinum crucible, or upon 
platinum foil or wire, for platinum forms alloys with other metals, 
and these alloys are much more fUsible than platinum itself. If 
once alloyed with a baser metal, the platinum ceases to be applica- 
ble to its peculiar uses. 

Platinum may be cleaned by boiling it in either nitric or chlorhy- 
dric acid, by ftising acid sulphate of sodium upon it, or by scouring 
it with flue sand. Aqua regia and chlorine- water dissolve platinum ; 
the sulphides, cyanides, and hydrates of sodium and potassium, 
when ftised in platinum vessels, slowly attack the metal. 

81. Wash-bottle. — A wash-bottle is a flask with a uniformly 
thin bottom closed with a sound cork or caoutchouc stopper througli 
which pass two glass tubes, as shown in Fig. 29. 
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The oater end of the longer tnbe is drawn to a 
*^* *®* moderately fine point. A short bend near the \ ottom 
of this longer tnbe in the same plane and direction as 
the upper bend is of some use, because it enables the 
operator to empty the flask more completely by ;u« 
dining it. By blowing into the short tube, a stream 
of water will be driven out of the long tube with con* 
siderable force. This force with which the stream is 
projected adapts the apparatus to removing precipi- 
tates flrom the sides of vessels as well as to washing 
them on filters. For use in analytical operations, it 
is often convenient to attach a caoutchouc tube 12 or 
15 c. m. long to the tube through which the air is 
blown ; this flexible tube should be provided with a 
glass mouth-piece, consisting of a bit of glass tubing about 3 c. m. 
long. As the wash-bottle is often filled with hot or even boiling 
water, it may be improved by binding about its neck a ring of cork, 
or winding the neck closely with smooth cord. It may then be 
handled without inconvenience, when hot. 

The method of making awash-bottle is described in the following 
paragraphs. 

82. Glass Tubing. — Two qualities of glass tubing are used in 
chemical experiments, that which softens readily in the flame of a 
gas- or sp]rit-lamp, and that which ftises with extreme difficulty in 
the flame of the blast-lamp. These two qualities are distinguished 
by the terms soft and hard glass. Soft glass is to be preferred for 
all uses except the intense heating, or ignition, of dry substances. 
Fig. 80 represents the common sizes of glass tubing, both hard and 
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soft, and shows also the proper thickness of the glass walls for each 
size. The numbers ranging from 4 to 8 are best suited for use in 
qualitative analysis. 

83. Btirring-rods« — Cut a short stick of glass rod, No. 8 or 7i 
Into pieces four or five inches long (see the next paragraph), and 
round the sharp ends by fUslon in the blowpipe flame. 
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84. Catting and Cracking Glass. — Glass tnbing and ^lass 
rod mast generally be cnt to the length required for any particular 
apparatus. A sharp triangular file Is used for this purpose. The 
stick of tubing, or rod, to be cat is laid upon a table, and a deep 
scratch is made with the file at the place where the fracture is to be 
made. The stick is then grasped with the two hands, one on each 
side of the mark, while the thumbs are brought together Jast at the 
scratch. By pushing with the thumbs and palling In the opposite 
direction with th« Angers, the stick is broken squarely atthe scratch, 
Just as a stick of candy or dry twig may be broken. The sharp 
edges of the Aracture <«hoald invariably be made smooth, either with 
a wet file, or by softening the end of the tabe or rod in the lamp. 
(App., 1 85.) Tubes or rods of sizes four to eight inclusive may 
readily be cut in this manner; the larger sizes are 
divided with more difficulty, and It is often neces- ^^' •^ 

sary to make the file-mark both long and deep* 
An even fracture is not always to be obtained with 
large tubes. The lower ends of glass funnels, and 
those ends of gas delivery-tubes wliich enter the 
bottle or flask in which the gas is generated, should 
be filed off; or ground off on a grindstone, obliquely 
(Fig. 31), to facilitate the dropping of liquids from such extremities. 

In order to cut glass plates, the glazier's diamond must be ^<isorted 
to. For the cutting of exceedingly thin glass tubes and oi jther 
glass ware, like fiasks, retorts and bottles, still other means are re- 
sorted to, based upon the sudden and unequal application of heat. 
The process divides itself into two parts, the producing of a crack 
in the required place, and the subsequent guiding of this crack in 
the desired direction. To produce a crack, a scratch must be made 
with the file, and to this scratch a pointed bit of redrhot charcoal, 
or the Jet of flame produced by the mouth blowpipe, or a very fine 
gas-flame, or a red-hot glass-rod may be applied. If the heat does 
not produce a crack, a wet stick or file may be touched upon the hot 
spot. Upon any part of a glass surface except the edge, it is not 
possible to control perfectly the direction and extent of this first 
crack; at an edge a small crack may be started with tolerable cer- 
tainty by carrying the flle-mark entirely over the edge. To guide 
the crack thus started, a pointed bit of charcoal or slow-match may 
be used. The hot point must be kept on the glass from 1 c. m. to 
0.5 c. m. in advance of the point of the crack. The crack will fol- 
low the hot point, and may therefore be carried in any desired di- 
rection. By turning and blowing upon the coal or slow-match, the 
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polDt may be kept snfflcientlj hot. Whenerer the place of experi- 
ment is supplied with common illaminating gas, a very small jet of 
baming gas may be adyantageonsly sabstitnted for the hot coal or 
slow match. To obtain snch a sharp jet, a piece of hard glass tube, 
No. 4, 10 c. m. long, and drawn to a very fine point (App., § 85), 
should be placed in tho caoutchouc tube which ordinarly delivers the 
gas to the gas-lamp, and the gas should be lighted at the fine ex* 
tremity. The burning jet should hare a fine point, and should not 
exceed 1.5 c. m. in length. By a judicious use of these simple tools, 
broken tubes, beakers, flasks, retorts and bottles may often be made 
to yield very useftil articles of apparatus. No sharp edges should 
oe allowed to remain upon glass apparatus. The durability of the 
apparatus itself, and of the corks and caoutchouc stoppers and 
cubing used with it, will be much greater, if all sharp edges are 
removed with the file, or, still better, rounded in the lamp. 

85. Bending and Closing Glass Tubes. — Tubing of sizes 
four to eight inclusive can generally be worked in the common gas- 

. or spirit lamp ; for larger tubes the blast-lamp is necessary. (App., 
§ 75.) Qlass tubing must not be introduced suddenly into the hot- 
test part of the flame, lest it crack. Neither should a hot tube be 
taken from the flame and laid at once upon a cold surface. Gradual 

• heating and gradual cooling are alike necessary, and are the more 
essential the thicker the glass ; very thin glass will sometimes bear 
the most^sudden changes of temperature, but thick glass and glass 
of uneven thickness absolutely require slow heating and annealing. 
When the end of a tube is to be heated, as in rounding sharp edges, 
more care is required in consequence of the great facility with which 
cracks start at an edge. A tube should, therefore, always be 
brought flrst into the current of hot air beyond the actual flame of 
the gas- or spirit-lamp, and there thoroughly warmed, before it is 
introduced into the flame itself. If a blast-lamp is employed, the 
tube may be warmed in the smoky flame^ before the blast is turned 
on, and may subsequently be annealed in the same manner; the de- 
posited soot will be burnt off in the first instance, and in the last 
may be wiped off when the tube is cold. In heating a tube, whether 
for bending, drawing, or closing, the tube must be constantly turned 
between the fingers, and also moved a little to the right and left, in 
order that it may be uniformly heated all round, and that the tem- 
perature of the neighboring parts may be duly raised. If a tube, or 
rod, is to be heated at any part but an end, it should be held between 
the thumb and flrst two flngers of each hand in such a manner that 
the hands shall be below the tube or rod^ with the palms upward, 
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While the lamp-flame is between the hands. When the end of a tnbe 
or rod is to be heated, it is best to besjin by warming the tube or 
rod about 2 c. m. from the cud, and thence to proceed slowly to the 
end. 

The best glass will not be blackened or discolored during heating. 
Blackening occurs in glass which, like ordinary flint glass, contains 
lead as an ingredient. Glass containing much lead is not well 
adapted for chemical uses. The blackening may sometimes be re- 
moved by putting the glass in the upper or outer part of the flame, 
where the reducing gases arc consumed, and the air has the best 
access to the glass. The blackening may be altogether avoided by 
always keeping the glass in the oxidizing part of the flame. 

Glass begins to soften and bend below a visible red heat. The 
condition of the glass is judged of as much by the flngers as the 
eye ; the hands feel the yielding of the glass, either to bending, 
pushing, or pulling, better than the eye can see the change of color 
or form. It may be bent as soon as it yields in the hands, but can 
be drawn out only when much hotter than this. Glass tubing, how- 
ever, should not be bent at too low a temperature ; the curves made 
at too low a heat are apt to be flattened, of unequal thickness on the 
convex and concave sides, and brittle. 

In bending tubing to make gas-delivery tubes and the like, atten- 
tion should be paid to the following points : 1st, the glass should be 
equally hot on all sides ; 2d, it should not be 
twisted, pulled out, or pushed together dur- ^^* *^ 

ing the heating ; 3d, the bore of the tube at (^^ 
the bend should be kept round, and not 
altered in size ; 4th, if two or more bends be 
made in the same piece of tubing (Fig. 82, a), 
they should all be in the same plane, so 
that the finished tube will lie flat upon the level table. 

When a tube or rod is to be bent or drawn close to its extremity, 
jk temporary handle nlay be attached to it by softening the end 
of the tube or rod, and pressing against the soft glass a fragment 
of glass tube, which will adhere strongly to the softened end. 
The handle may subsequently be removed by a slight blow, or by 
the aid of a file. If a considerable bend is to be made, so that the 
angle between the arms will be very small or nothing, as in a 
siphon, for example, the curvature cannot be well produced at one 
place in the tube, buU should be made by heating, progressively, 
several centimetres of the tube, and bending continuously ftom one 
end of the heated portion to the other (Fig. 82, &). SmaU and thick 
tube may be bent more sharply than large or thin tube. 
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A lamp for bcndlnt; g1a<<a tubing better than the oidlnar; form of 

the BnnaeD burner, is one tJw tube of vhlch is Oattened oat bo as to . 

give a thlD but broad flame of the eame character as the ordlnnrr 

lamp bat to shape more like a bat-wtng bamer. 

(See Fig. SS.) The tDb« is placed in this flame 

I and tamed roand and round antil it reaches the 

' proper temperature ; It Is then withdrairn ftom 

the flame and bent. In this way a regular corre 

may be obtained and the sides of the tube do not 

collapse. 

In order to draw i glass tube down to a finer 

bore, it Is simply necessary to thoronghly soften on 

all sides one or two centimetres' length of the tube 

and then taking the glass (torn the flame, pull the 

parts asunder by a cantlous movement of the hands. 

The larger the heated portion of glass, the longer 

wilt be the tnbe thus formed. Its length and Oneness also Increase 

with the rapidity of motion of the hands. If it Is desirable that the 

Oner tube shoald have thicker walls in proportion to its bore than 

the original tnbe, it Is only necessary to keep the heated portion soft 

for two or three mlautea before drawing out the tnbe, pressing the 

parts slightly together the while. By this process the glass will be 

thickened at the hot ring. 

To obtain a tnbe closed at one end, it Is best to take a piece of 

tubing, open at both ends, and long enough 

^^* to make two closed tubes. In the mlddltt 

- of the tube a ring of glass, OB narrow as pos- 
' slble, must be made thoroughly soft. The 
• hands are then separated a little, to cause 

- a contraction In diameter at the hot and 
soft part. The point of the flame mnst now 

be directed, not upon the narrowest part of the tube, but upon 
What is to be the bottom of the closed tube. This point is lndl> 
cated by the line a In Ftg 34. By withdrawing the right hand, 
the narrow part of the tnbe Is attenuated, and finally melted oflT, 
leaTlog both halves of the original tnbe cloped at one end, but not 
of the same form; the right-hand half Is drawn out into a long 
point, the other is more ronndly closed. It is not possible to dose 
handsomely the two pieces at once. The tnbe Is seldom perfectly 
finished by the operations; a superfluous knob of gloss generally 
remains upon the end. If small It may be got rid of by heatiug the 
whole end of the tnbe, and blowing moderately with the moath ln«) 
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the open end. The knob, being hotter, and therefore softer than 
any other part, jdelds to the pressure Arom within, spreads oat and 
disappears. If the knob is large, it may be drawn off by sticking 
to it a fragment of tube, and then softening the glass above the 
Junction. The same process may be applied to the too pointed end 
of the right-hand half of the original tube, or to any misshapen 
result of an unsuccessful attempt to close a tube, or to any bit of 
tube which is too short to make two closed tubes. When the 
closed end of a tube is too thin, it may be strengthened by keep- 
ing the whole end at a red heat for two or three minutes, turn- 
ing the tube constantly between the fingers. It may be said 
in general of all the preceding operations before the lamp, that 
success depends on keeping the tube to be heated in constant 
rotation, in order to secure a uniform temperature on all sides of 
the tube. 

80» Blowing Bulbs. — Bulb-tubes, like the one represented in 
Fig. 35, are employed for reducing substances capable of forming 
sublimates upon the cold walls of 
the tube. They are readily made _ Fig.86, 

fiom bits of tubing, in the flame of 
Bunsen's burner, or in the common 
blowpipe flame. 

If the bulb desired is large in 
proportion to the size of the tube 
on which it is to be made, the walls 

of the tube must be thickened by rotation in the flame before the 
bulb can be blown. The thickened portion of glass is then to be 
heated to a cherry-red, suddenly withdrawn from the flame, and 
expanded while hot by steadily blowing, or rather pressing air, 
into the tube with the mouth ; the tube must be constantly turned 
on its axis, not only while in the flame, but also while the bulb is 
being blown. If too strong or too sudden a pressure be exerted 
with the mouth, the bulb will be extremely thin and quite useless. 
By watching the expanding glass, the proper moment for arresting 
the pressure may usually be determined. If the bulb obtained be 
not large enough, it may be reheated and enlarged by blowing into 
it again, provided that a sufl|cient thickness of glass remain. 
If a bulb is to be blown in the middle of a piece of tubing, the 
thickening is effected by gently pressing the ends of the tube to- 
gether while the glass is red-hot in the place where the bulb is 
to be. 

It is sometimes necessary to make a hole in the side of a tube of 
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other thin glass apparatas. This may be done by directing a pointed 
flame flroni the blast-lamp upon the place where the hole is to be, 
antli a small spot is red-hot, and then blowing forcibly into one end 
of the tube while the other end is closed by the finger ; at the hot 
spot the glass is blown ont into a thin bubble, which bursts or 
may be easily broken off, leaving an aperture in the side of the 
tube. 

It is hoped that these few directions will enable the attentive 
student to perform, sufficiently well, all the manipulations with 
glass tubes which the experiments described in this manual re- 
quire. Much practice will alone give a perfect mastery of the de* 
tails of glass-blowing. 

87. Caoutolioiio. — Vulcanized caoutchouc is a most useftil 
substance in the laboratory, on account of its elasticity and because 
it resists so well most of the corrosive substances with which the 
chemist deals. It is used in three forms : (1) in tubing of various 
diameters comparable with the sizes of glass tubing ; (2) in stop- 
pers of various sizes to replace corks ; (3) in sheets. Caoutchouc 
tubing may be used to conduct all gases and liquids which do not 
corrode its substance, provided that the pressure under which the 
gas or liquid flows be not greater, or their temperature higher, 
than the texture of the tubing can endure. The flexibility of the 
tubing is a very obvious advantage in a great variety of cases. 
Short pieces of such tubing, a fbw centimetres In length, are much 
used, under the name of connectors, to make flexible Joints In ap- 
paratus, of which glass tubing forms part ; flexible joints add greatly 
to the durability of such apparatus, because long glass tubes bent 
at several angles and connected with heavy objects, like globes, 
bottles or flasks fhll of liquid, are almost certain to break even with 
the most carelhl usage; gas delivery-tubes, and all considerable 
lengths of gloss tubing should invariably be divided at one or more 
places, and the pieces joined again with caoutchouc connectors. 
The ends of glass tubing to be thus connected should be squarely 
cut, and then rounded in the lamp, in order that no sharp edges 
may cut the caoutchouc; the internal diameter of the caoutchouc 
tube must be a little smaller than the external diameter of the glass 
tubes ; the slipping on of the connector Is facilitated by wetting 
the glass. Ip son^c cases of delicate quantitative manipulations, in 
which the tightest possible joints must be secured, the caoutchouc 
connector Is bound on to the glass tube with a silk or smooth linen 
string; the string is passed as tightly as possible twice round 
the connector and tied with a square knot^ the string should b« 
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moistened in order to preyent it from slipping while the knot is 
tying. 

Caoatchouc stoppers of good qaality are mach more durable than 
corks, and are in every respect to be preferred. The German stop- 
pers are of excellent shape and quality ; the American, being chiefly 
intended for wine bottles, are apt to be too conical. Caoatchoac 
stoppers can be bored, like corks (see the next section), by means 
of saitable cutters, and glass tubes can be fitted into the boles 
thus made with a tightness unattainable with corks. German stop- 
pers may be bought already provided with one, two, and three holes 
It is not well to lay in a large stock of caoutchouc stoppers, foi 
though they last a long time when in constant use, they not infre- 
quently deteriorate when kept in store, becoming iTard and some- 
what brittle with age. 

Pieces of thin sheet caoutchouc are very conveniently used for 
making tight Joints between large tubes of two different sizes, or 
between the neck of a flask, or bottle, and a large tube which enters 
it, or between the neck of a retort and the receiver into which it 
enters. A sufficiently broad and long piece of sheet caoutchouc is 
considerably stretched, wrapped tightly over the gloss parts adjoin- 
ing the aperture to be closed, and secured in place by a string 
wound closely about it and tied with a square knot. 

88. Oorks. — It is often very difficult to obtain sound, elastic 
corks of flue grain and of size suitable for large flasks and wide- 
mouthed bottles. On this account, bottles with mouths not too large 
to be closed with a cork cut across the grain, should be chosen for 
chemical uses, in preference to bottles which require large corks or 
bungs cut with the grain, and therefore offering continuous channels 
for the passage of gases, or even liquids. The kinds sold as cham- 
pagne corks and as satin corks for phials are suitable for chemical 
use. The best corks generally need to be softened before using ; this 
softening may be effected by rolling the cork under aboard upon tlie 
table, or under the foot upon the clean floor, or by gently squeezing 
it on all sides with the well-known tool expressly adapted for this 
purpose, and thence called a cork-squeezer. Steaming also softens 
the hardest corks. 

Cork must often be cut with cleanness and precision ; a sharp, 
thin knife, such as shoemakers use, is desirable for this purpose. 
When a cork has been pared down to reduce its diameter, a flat file 
may be employed in flnishing; the file must be flue enough to leave 
a smooth snrfkce upon the cork ; In filing a cork, a cylindrical, not a 
ponicaly form shoii)4 ^ aimed ai. 

w 
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Id boring boles throngb corks to recelye glass tabes, a bollow 

cylinder of sheet brass sharpened at one end 
is a very convenient tool. Fig. 36 represents 
a set of sach little cylinders of graduated 
sizes, slipping one within the other into a 
very compact form ; a stoat wire of the same 
length as the cylinders, accompanies the set, 
and serves a doable parpose, — passed trans- 
versely through two holes in the cap which 
terminates each cylinder, it gives the hand a 
better grasp of the tool while penetrating the 
cork; and when the hole is made, the wire 
thrnst throngh an opening in the top of the 
cap expels the little cylinder of cork whick 
else would remain in the catting cylinder of 
brass. That cutter, whose diameter is next 
below that of the glass tube to be inserted 
in the cork, is always to be selected, and if 
the hole it makes is too small, a round file must be used to enlarge 
the aperture ; the round file, also, often comes in play to smooth the 
rough sides of a hole made by a dull cork-borer. A pair of small 
calipers is a very convenient, thoagh by no means essential, tool in 
determining which size of cutter to employ. A flask which presents 
sharp or rough edges at the moulh caa seldom be tightly corked, for 
the cork cannot be introduced into the neck without being cut or 
roughened; such sharp edges mast be rounded in the lamp. In 
thrusting glass tabes throngh bored corks, the following directions 
are to be observed : (1.) The end of the tube must not present a 
sharp edge capable of catting the cork. (2.) The tube should be 
grasped very close to the cork, in order to escape cutting the hand 
which holds the cork, should the tube brealc.; by observing this pre- 
caution, the chief cause of breaJcage, viz., irregular lateral pressore, 
will be at the same time avoided. (3.) A ftinnel-tube must never 
be held by the ftmnel In driving it through a cork, nor a bent tube 
grasped at the bend, nnless the bend comes immediately above the 
cork. (4.) If the tabe goes very hard through the cork, the appli- 
cation of a little soap and water will fisu^llitate its passage, but if 
soap is used, the tube can seldom be withdrawn Arom the cork after 
the latter has become dry. (5.) The tube must not be pushed 
straight into the cork, but screwed in, as it were, with a slow 
rotary as well as onward motion. Joints made with corks should 
always be tested before the apparatus is used, by blowing into the 
apparatus, and at the h imc time stopping up all legitimate outlets. 
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Adj leakage is revealed by the disappearance of the pressTire created. 
To the same end, air may be sucked out of an apparatus and its 
tightness proved by the permanence of the partial vacuum. To at- 
tempt to use a leaky cork is generally to waste time and labor, and 
to insure the fleiilare of the experiment. 

89. Gas-bottle. — Figure '61 represents a gas-bottle fitted for 
evolving sulphuretted hydrogen, carbonic acid, and other gases 
which can be prepared without heat. A straight 
glass tube of convenient length is slipped into the 
caoutchouc connector at the right to carry the gas 
Into the solution to be tested. The neck of the 
bottle should be rather narrow, since it is difficult 
to obtain tight stoppers for bottles with wide 
mouths, but must nevertheless be wide enough to 
admit a cork, or better a caoutchouc stopper, 
capable of carrying both the delivery and the this- 
tle tubes. 

To prepare, for example, sulphuretted hydrogen 
gas, put a tablespoonful of fragments of sulphide 
of iron in the bottom of the bottle, replace the 
cork with its tubes, and press, or rather twist, it 
tightly into the neck of the bottle ; pour in enough 
water through the thistle-tube to seal the lower end of that tube, 
and finally as much concentrated sulphuric acid as would be equal 
to a tenth or a twelfth of the volume of the water. 

At the start it is well th us to mix strong acid with the water in 
the bottle, for the heat generated by the union of the two liquids 
serves to warm the apparatus, and to facilitate the decomposition 
of the sulphide of iron ; but it must be remembered that strong 
sulphuric acid is by itself unfit for generating sulphuretted hydro- 
gen, and that the evolution of gas would be checked if much of it 
were added. When the fiow of gas ceases, pour a small portion of 
dilute sulphuric acid into the thistle-tube, and repeat this operation 
as often as may be necessary to maintain a constant stream of gas. 
Dilute acid fit for this purpose may be prepared by mixing 1 volume 
of strong sulphuric acid with 14 volumes of water ; — the water 
should be well stirred and the acid poured into it in a fine stream. 

In precipitating the members of Classes II and III with sulphur- 
etted hydrogen, the gas delivery-tube should not dip deeper than 
about an inch beneath the surface of the liquid in the beaker. A 
rapid current of gas is useless and wasteful. The best method of 
operating is to pour dilute sulphuric acid into the thistle-tube in 
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such quanMty that the bobbles of gas may follow ODe another 
blowly enough to be counted without effort. 

90. Self-regulating Gas-generator. — An apparatus which 
is always ready to deliver a constant stream of sulphuretted hydro- 
gen, and yet does not generate the gas except when it is Imme- 
diately wanted for use, is a great convenience in an active labora- 
tory. The same remark applies to the 
two gases, hydrogen and carbonic acid, 
which are likewise used in considerable 
quantities in quantitative analysis, and 
which can be conveniently generated in 
precisely the same form of apparatus 
which is advantageous for sulphuretted 
hydrogen. Such a generator may be 
made of divers dimensions. The fol- 
lowing directions, with the accompany- 
ing figure (Fig. 38), will enable the 
student to construct an apparatus of 
convenient size. Procure a glass cylin- 
der 20 or 25 c. m. in diameter and 80 or 
85 c. m. high; ribbed candy Jars are 
sometimes to be had of about this size ; 
procure also a stout tubulated bell-glass 
10 or 12 c. m. wide and 5 or 7 c. m. shorter than the cylinder. Qet 
a basket of sheet-lead 7.5 c. m. deep and 2.5 c. m. narrower thaa 
the bell-glass, and bore a number of small holes in the sides and 
bottom of this basket. Cast a circular plate of lead 7 m. m. thick 
and of a diameter 4 c. m. larger than that of the glass cylinder; oa 
what is intended for its under side solder three equidistant leaden 
strips, or a continuous ring of lead, to keep the plate in proper posi- 
tion as a cover for the cylinder. Fit tightly to each end of a good 
brass gas-cock a piece of brass tube 8 c. m. long, 1.5 to 2 c. m. wide, 
and stout in metal. Perforate the centre of the leaden plate, so that 
one of these tubes will snugly pass through the orifice, and secure 
it by solder, leaving 5 c. m. of the tube projecting below the plate. 
Attach to the lower end of this tubo a stout hook on which to hang 
the leaden basket. By means of a sound cork and common sealing- 
wax, or a cement made of oil mixed with red and white lead, fl&sten 
this tube into the tubulure of the bell-glass air- light, and so firmly 
that the joint will bear a weight of several pounds. Hang the 
basket by means of copper wire within the bell 5 c. m. above the 
bottom of the latter. To the tube which extends above the stop« 
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cock attach by a good cork the neck of a tabulated receiver of 100 
Oi* 150 c. c. capacity, the interior of which has been loosely stuffed 
with cotton. Into the second tabalare of the receiver fit tightly the 
delivery-tube carrying a caoutchouc connector ; into this connector 
can be fitted a tube adapted to convey the gas in any desired direc- 
tion. When many persons use the same generator, each person 
must bring his own tube. 

To charge the apparatus, fill the cylinder with dilute acid to within 
10 or 12 c. m. of the top, fill the basket with fragments of sulphide 
of iron, hang the basket In the bell, and put the bell-glass fhll of air 
into its place with the stop-cock closed. On opening the cock, the 
weight of the acid expels the air Arom the bell, the acid comes in 
contact with the solid in the basket, and a steady supply of gas is 
generated until either the acid is saturated or the solid dissolved ; if 
the cock be closed, the gas accumulates in the bell, and pushes the 
acid below the basket so that all action ceases. In cold weather 
the apparatus must be kept in a warm place. For generating sul- 
phuretted hydrogen, sulphuric acid diluted with fourteen parts of 
water is used ; for hydrogen, zinc and sulphuric acid diluted with 
four or five parts of water; while for carbonic acid, chalk and muri- 
atic acid diluted with two or three parts of water, should be taken. 

91. Mortars. ^Whenever the substance to be analyzed occurs 
in the form of large pieces or coarse powder, it should, as a general 
rule, be pulverized by mechanical means before subjecting it to the 
action of solvents. Mortars of iron, steel, agate or porcelain are 
used for this purpose, according to the character of tlie substance 
to be powdered. 

An iron mortar is osefhl for coarse work and for effecting the first 
rough breaking up of substances which are subsequently powdered 
in the agate or porcelain mortar. If there be any risk of fragments 
being thrown out of the mortar, it should be covered with a cloth or 
piece of stiff paper, having a hole in the middle through which the 
pestle may be passed. Instead of the common iron mortar, a small 
steel mortar, of the kind called diamond mortars by dealers in chem- 
ical ware, may be used for crushing minerals. Pieces of stone, 
minerals, and lumps of brittle metals may be safely broken into 
fragments suitable for the mortar by wrapping them in strong 
paper, laying them so enclosed upon an anvil and striking them 
with a heavy hammer. The paper envelope retains the broken par- 
ticles which might otherwise fiy about in a dangerous manner, and 
be lost. 

The best porcelain mortars are those known by the name of 
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Wedgewood-ware, but there are many cheaper substitutes. Porce- 
lain mortars will not bear sharp and heavy blows ; they are intended 
rather for grinding or triturating saline cnbstances than for ham- 
mering; the pestle may either be formed of one piece of porcelain, 
or a piece of porcelain cemented to a wooden handle ; the latter is 
the less desirable form of peslle. Unglazed porcelain mortars are 
to be preferred. In selecting mortars, the fbllowing points should 
be attended to, — 1st, the mortar should not be porous ; it ought 
not to absorb strong acids or any colored fluid, even if such liquids 
be allowed to stand for hours in the mortar ; 2d, it should be very 
hard, and its pestle shonld be of the same hardness ; dd, it should 
be sound; 4th, it should have a lip for the convenience of pouring 
out liquids and fine powders. As a rule, porcelain mortars will not 
endure sudden changes of temperature. They may be cleaned by 
rubbing in them a little sand soaked in nitric or sulphuric acid, or 
if acids are not appropriate, in caustic soda. 

Agate mort-ars are only intended for trituration; a blow would 
break them. They are exceedingly hard, and impermeable. The 
material is so precious and so hard to work, that agate mortars are 
always small. The pestles are generally inconveniently short, — a 
difSculty which may be remedied by fitting the agate pestle into a 
wooden handle. 

In all grinding operations in mortars, whether of porcelain or 
agate, it is expedient to put only a small quantity of the substance 
to be powdered into the mortar at once. The operation of powder- 
ing will be facilitated by sifting the matter as fast as it is powdered, 
returning to the mortar the particles which are too large to pass 
through the sieve. 

82. Spatulo. — For transferring substances in powder, or in 
small grains or crystals, from one vessel to another, spatulas and 
scoops made of horn or bone are convenient tools. A coarse bone 
paper-kniflB makes a good spatula for laboratory use. Cards, firee 
from glaze and enamel, are excellent substitutes for spatulse. 

NoTB. — In the place of the ** Bunsen pump " mentioned in §§ 72 
and TBrmay be used, where there is sufficient head of water, ** a jet- 
aspirator " described by Professor Richards in the ** The American 
Journal of Science," VIII (1874), p. 412. The laboratories of the 
Institute of Technology and some other laboratories are now fur- 
nished with such apparatus (made of brass, by Tnomas F. McGann, 
10^ Portland St., Boston), both for ordinary filtration and for driv- 
ing the blast-lamps. 
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AoETATB OF Lb.u>, as reagent, vii. 
aodiam, as reagent, v. 
Acetates, tests for, 87. 
Acetic acid, as reagent, iL 
Acid solutions, 103, 105. 
Alcohol, as reagent, ix. 
Alkaline solutions, 103. 
Aluminates, precipitated with 

Class IV, 37. 
Aluminum, confirmatory test for, 
41. 
a memher of Glass IV, 

^^..^ 

Ammonia-water, as reagent, iii 
Ammonium-salts, testing for, 92, 

126. 
Antimony, confirmatory test for, 33. 
converted into an insol- 
uble oxide by HNOs, 
31, 123. 
see sulphide ot 
globule, brittle, 95. 
a member of Glass III, 

10, 29, 
precipitated as sulphide, 

10,29. 
presence of indicated, 

105. 
spots distinguished from 

arsenic spots, 33. 
teroxide or, as a subli- 
mate, 93. 
Aqua regia, how prepared, ii. 

its use as a solvent, 101. 
Argand spirit-lamp, xxviii 
Arieniates, test for, 78. 
Arsenic, confirmatory test for,31, 32. 
a member of Class ni, 10, 

29. 
presence of indicated, 3S. 
see sul][>hide o£ 
separation as sulphide, 10, 

as a sublimate, 93. 
Arsenic acid, tests for, 31| 78. 



Axsenions acid, how distinguished 

from arsenio 
acid, 78. 
as a sublimate, 93L 
tests for, 78. 
Arsenites, tests for, 78. 
Ash of charcoal, 95. 

Babium, a member of Glass VI, 13, 
53. 
precipitated as carbonate, 

13,53. 
precipitated as chromate, 

64. 
salts soluble in ammonia- 

cal solutions, 69. 
test for certain classes of 
salts, 67. 
Beakers, xv. 

Biborato of sodium, as reagent, v. 
Bichloride of platinum, as reagent, 

how prepared, viii. 
Bichromate of potassium, as rea- 
gent, vL 
Bismuth, confirmatory test for, 24. 
globule, brittle, 95. 
a member of Class IT, 9, 

21. 
precipitated as hydrate, 

24. 
precipitated as sulphide, 

9,21. 
presence of indicated, 28, 
105. 
Blast-lamps, xxv. 
Blowers, xxvL 
Blowing bulbs, tttix. 
Blowpipe, XXX. 

how to use, xxxi. 
lamp, XXX. 
Borado acid, precipitated from an 
alkaline solution, 
104. 
tests for, 81. 
Borates, tests for, 81. 
Borax-bead, how to dilute, 113^ 
" " make, 113L 
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Bottles, liow to handle, xiit 
Broniidefl, tests for, 84. 
BTomine, tests for, 84. 
Bnnsen's burner, xxi^. 
filter-pomp, 



Cadmiuic, a member of Class n, 
9,24. 
precipitated as solphidei 

9,24. 
presence of indicated, 27. 
separation of 24. 
Calciam, a member or Class VT, 
13,63. 
precipitated as oarbonate, 

13,6a 
precipitated as oxalate, 

65. 
tests for certain classes 
of salts, 70. 
Csoatchoao stoppers, xli. 

tubing, xL 
Carbonate of ammonium, as re- 
agent, ill. 
Carbonate of sodium, as reagent, 

how purified, y. 
Carbonates, tests for, 76. 
Carbonic acid, tests for, 76. 
Caustic soda solution, how prepared 

and kept, Iv. 
Charcoal for blowpipe use, 94. 
Chlorates, tests for^ 86. 
Chloride of ammomum, reagent, it. 

uses of, 11, 
45,67. 
Chloride of barium, as reagent, viL 
Chloride of calcium, as reagent, 

how prepared, viL 
Chloride of lead, solubility o^ 10. 
Chloride of mercury, as reagent, 

• •• 

TUL 

Chloride of silver soluble in ammo- 
nia-water, 18. 

Chlorides, tests for, 71, 83. 

Chlorhydrio acid, as reagent, i. 

its application as 
a solvent, 99. 

Chlorine, tests for, 71, 8a 

Chromate of lead, a test for chro- 
mium, 40. 

Chromate of potassium, reagent, 

vi. 
Chromates, barium test for, 68. 

reduction of by HgS, 

28,77. 
tests for, 77. 
Chrome-iron-ore, hard to decom- 
pose, 114. 
Cbromio-ozide, hard to decompose, 
nib ' 



Chromites, precipiated with Class 

IV, 37. 
Chromium, a member of Class IV, 
11,37. 

detected as chromate 

of sodium, 40. 
gives a green borax- 
bead, 114. 
precipitated as hydrate, 

11,37. 
presence of indicated, 
46. 
Class, term defined, 6. 
Class I, defined, & 

how to precipitate, 17. 
Class n, defined, 7. 

how to precipitate, 21. 
Class m, defined, 7. 
Class III, precipitation of, 29. 
Class IV, defined, 10. 

how to precipitate, 38, 45. 
salts precipitated with, 
37. 
Class V, defined, 12. 

how to precipitate, 47, 62. 
Class VI, defined, 13. 

how to precipitate, 63, 67. 

Class Vn, defined. 13. 

how isolated, 14, 61. 
Clay chinmey for Bunsen's burner 

xxviii. 
Closed-tube test, 90. 
Cobalt, member of Class V, 12, 47. 
blowpipe test for, 49. 
confirmatory test for, 60. 
precipitated as sulphide, 12, 

47. 
presence of indicated, 62. 
Copper, member of Class U, 9, 21. 
confirmatory test for, 26. 
gives blue solutions, 24^ 
globule described, 95, 96. 
precipitated as sulphide, 9, 

21. 
presence of indicated, 28. 
Cork-cutters, xlii 
Corks, xli. 

to force tubes through, xlii. 
Cyanide of mercury, to detect cya- 
nogen in. 7a 
Cyanide or potassium, reagent, tL 
Cyanides, tests for, 74, 75. 
Cyanogen, tests for, 74, 76. 

Deflagration, 119. 
Dissolving in acids, 99. 
in water, 99. 

Effebvbscence, what it indicatesL 

74. 
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Elements, identified by componnds, 
2. 

Elements, 34 treated of, 1. 

Etching glass, a test for fluorine,82. 

Evaporation test, applied to a li- 
quid, 125. 

Febbi- and Febbo-cyanidbs of po- 
tassium, as reagents, vi. 

Ferrio chloride, as reagent, viiL 

Filtering, xv. 

Filter-stand, xvlL * 

Filtration, rapid, xviiL 

Flasks, xv. 

Fluoride of silicon, a test for fluo- 
rine and silicon, 83. 

Fluorides, tests for, 82. 

Fluorine, tests for, ^L 

to be sought in an insolu- 
ble mineral, 114, 117. 

Folding filters, zvi. 

Funnels, xv. 

Fused minerals, how treated, 115. 

Fusion with acid siUphate of so- 
dium, 119. 
with GaCOs and N H4GI, lia 
with carbonate of sodium. 114. 

Fusions in platinum orucibleB, 
zxvii. 

Gas-bottus, zliii. 
Gas-generator, self-regulating, zIIt. 
General reagent, defined, 6. 
General reagents for acidfl, 66. 
General reagents to be used in % 

certain order, 16. 
Glass, bending and dosing tubes, 
xxxvi. 

cutting and cracking it, xxxv. 

tubing, xxxiv. 
Gold globule, described, 85, 96. 

msoluble in HNOs, 12a 

a member of Glass in, 10, 29. 

presence of indicated, 35. 

purple of Cassius test for, 123. 

Htdbooek, its presence inferred, 

64. 
Hyponitrio acid, 92. 
Hyposulphites, tests for, 77. 

Indigo solutiok, how prepared, is. 

Insoluble substances, 110. 

Iodides, tests for, 85. 

Iodine, tests for, 85L 

lodo-starch paper^ vii 

Iron, discrimination between fer- 
rous and ferric salts, 44. 

Iron, to be converted into fenio 
salt, 44. 



Iron, a member of Glass IV, 11, S7. 

precipitated as hydrate, 11, 37. 

presence of indicated, 46. 

Prussian blue test for, 42. 

reaction in borax bead, 114. 
Iron stand, xxviii. 

liABEiiUNO, importance o( 8. 

Lamps, xxii). 

Lead, belongs to two classes, 10. 

globule described, 95. 
Lead a member of Class I, 6, 17. 
" " •* n,9,21. 
paper, how prepared, vii. 
precipitated as sulphide, 9, 21. 
precipitation as cnloride, 17. 
precipitation as sulphate, 18| 

23. 
presence of indicated, 27. 
the sulphate changed to chio- 
mate, 23. 
Lime-water, as reagent, vii. 
Liquids to be tested with litmus, 

125. 
Litmus paper, how prepared, ix. 

Maonbsium, as member of Clasi 

Vn, 13, 69. 
Magnesium, precipitated as phos- 
phate of Mg and 
NH4, 14, 59. 
separation as oxide, 

Manganate of sodium, 42. 
Manganese, confirmatory test, 42. 
precipitated with Glass 

I V , 37. 
precipitation oi, as hy- 
drate, 4a 
presence indicated, 52. 
Mercuric chloride, as rea^nt, viii. 
Mercurous chloride, reaction with 

ammonia-water, 19. 
Mercury, belongs to two classes, 10. 
compounds as sublimates, 

92. 
member of Glass I, 6, 17. 
member of Glass II, 9, 21. 
precipitation as subchlor- 

ide, 17. 
presence of indicated, 27. 
reduction of the metal in 

a closed tube, 19. 
reduction of the metal on 

copper, 2a 
separation as sulphide, 9^, 

as a sublimate, 92. 
Metallic elements. 7 classes of, 16. 
globules described, 94. 
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Metallic (i:1obaIeB lestodiii oxidising 
flamo, U5. 

Metals, action of HNO3 on, IZL 
used in tbe arts, 121. 

Molybdate of ammoninm, a test 
for phosphates, 79. 

Molybdate of ammoninm, as re- 
agent, how prepared, iv. 

Mortars zIy. 

NsUTfiAL BOLTTTIONS, 103. 

Nickel, blowpipe test for, 49. 

member of Class V, 12, 47. 
precipitated as cyanide, 50. 
precipitated as sulphide, 12, 

47. 
presence of indicated, 52. 
Nitrate of barium, as reagent, vii. 

when used, 69. 
Nitrate of cobalt as reagent, viiL 
Nitrate of potassium, as reagent, vi. 
Nitrate of silver, as reagent, vii 
Nitrate of sodium, as reagent, v. 
Nitrates, tests for, 85. 
Nitric acid, action on metals, 121. 
dilute, as reagent, ii. 
strong, as reagent, iL 
tests for, 85. 

when to be used as a 
solvent, 99, 100, 121. 
Nitrite of x>otassium, as reagent, 

how prepared, vi. 
Non-metallic elements, how de- 
tected, 64. 

Oboaivio Matter, detection of, 91. 

how destroyed, 97. 
Organic substances hinder the pre- 
cipitation of Glass IV, 47. 
Oxalate of ammonium, reagent, iv. 
Oxalates converted into carbonates, 
56. 

tests for, 80. 
Oxalates, acid as a sublimate, 93. 
as reagent, ii« 
tests for, 80. 
Oxide of manganese, as reagent, 

viiL 
Oxide of mercury, as reagent, viiL 
Oxidizing blowpipe flame, viiL 
Oxygen, how recognized, 91. 

its presence inferred, 04. 

Phosphatb of Calcium, presence 

of indicated, 46. 
Phosphate of sodium, as reagent, t. 
Phosphates, precipitated with Class 

IV, 37. 
Phosphates, tests for, 79. 
Phosphoric acid, tests for, 79. 



Pincers, xzxiii. 

Platinum, a member of Class m, 
10,29. 
crucibles, xxxiiL 
foU, xxxii. 

insoluble in HNOs» 123. 
presence of indicated, 35. 
test for, 123. 
wire, xxxiii. 
Porcelain crucibles, xxiii. 

dishes, xxiii. 
Potassium, precipi4;ated as chloro- 
platinate, 60. 

flame-test for, 60. 

a member of Class VH, 
13, 59. 
Precipitates compacted by boiling 

and shaking, 25, 47. 
Preliminary examination of a 

liq^uid, 125. 
Preliminary treatment, 90. 

of a pure 

metal or 

alloy,121. 

Protc^hloride of tin, as reagent, viii. 

Prussian blue, a test for iron, 42. 

Pulverizing, xlv. 

Qualttativb Analysis defined, 1. 

Reagent Bottles, xliL 
IBeagents, i-ix. 

Reducing blowpipe flame, xxxii. 
Beduction test, 81. 

bow to perform with 
delicacy, 111. 
Beduction test, to be applied to in- 
soluble substances. 111. 

Salts, kinds of considered, 65. 

soluble in water, 102. 
Sand-bath, xxix. 
Separation of two elements, 4. 
Sihcates, alkaline, decomposed by 

acids, 82, 104. 
decomposed by 
chloride of am- 
monium, 82. 
Silicates, the commonest of insolu- 
ble substances, 118. 
Silicic acid, precipitated from an 

alkaline solution, 104. 
Silver, a member of Class 1, 6, 17. 
globule described, 95. 
precipitated by reducing 

agents, 73^ 
precipitation as chloride, 17. 
salts, insoluble in dilute 

nitric acid, 17. 
salts, sundry, colors of, 72L 
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Silver, see oliloride o£ 

test for oertain classes of 
salts, 71. 
Slaked lime, as reagent, vii. 
Sodium, crystallization of ohloro- 

platinate of, 61. 
Sodiam, flame-test for, 60. ^^ 
a member of ClaoB VII, 
13,59. 
Solubilities^ Table oi^lOS, 109. 
Solution of indigo, as reagent, ix. 
Solutions of known -composition, z. 
Solvents, the order of use, 98. 
Spatulas, xlvi. 

Special tests for non-metallio ele- 
ments, 74. 
Starch paste^ how prepared, iz. 
Starch-test for bromine, 8i. . 

iodine, 85. 
Stirring rods, zxziv. 
Stoppers, stuck, how to loosen, xiv. 
Strontium, a member of Class YI, 
13,5a 
precipitated as carbon- 
ate, 13, 5a 
as sulphate, 
56. 
Sublimates on charcoal while re- 
ducing metals, 96. 
Sulphate of copper, as reagent, viii 
Sulphate of ma^esium, as reagent, 

how mixed, vii. 
Sulpliate of magnesium, a test for 
arseniates and phosphates, 31, 79. 
Sulphate of sodium, add, how pre- 
pared, V. 
Sulphates, barium test for, 69. 
how to detect, 79. 
insoluble, reduced to sul- 
phides, 112. 
Sulphate of potassium, as reagent, 

how prepared, v. 
Sulphide of arseniCj oxidation of^ 30. 
Sulphide of tin, oxidation of, 30. 
Sulphides, tests for, 7a 
Sulphides of arsenic, as sublimates, 

Sulphites, tests for, 7a 
Sulphur, as a sublimate, 92L 
Sulphuretted hydrogen, decom- 
posed by oxidizing agents, 28. 
Sulphuretted hydrogen, how pre- 
pared, iii 
Sulphuretted hydrogen, how to em- 
ploy it, 7, 21. 



Sulphuretted hydrogen, necessity 

or expelling. 45. 
Sulphuretted nydrogen water, how 

Srepared and kept, iii. 
phuric acid, as rea^nt, ii. 
Sulphuric acid^ tests ror, 79. 
Sulphurous acid, 76. 
Sulphur, precipitation of, 20, 2a 
Sulphydrate of ammonium, as 

2^n% iii. 

sodium, as 

agent, v. 

Tablb fbr Class 1, 19. 

n,2a 
m,34. 
IV, 4a 

V,51. 

VI, 5a 

the separation of the 7 
classes of metallic ele- 
ments, 62. 
Table of solubiUties, 108, 109. 
Table of the seven classes of metallio 

elements, 15. 
Tartaric acid, as reagent, ii. 

tests for, 80. 
Tartrates, tests for, 80. 
Test-tube rack, xv. 
Test-tubes, xiv. 

Tin, a member of Class m, 10, 29. 
confirmatory test for, 34. 
converted into an insoluble ox* 
ide by HNO3, 31, 12a 
Tin globule, described, 95, 96. 
presence of indicated, 35. 
reduction of bv zinc, 3a 
see sulphide o£ 
Triangle, xxix. 
Turmeric paper, how prepared, 8L 

TJtbksils, list of, xiL 

Watbb, ix. 
Water-bath, xxix. 
Wash-bottle, xxxiii. 
Wire-gauze, xxviii. 

Zmo, a member of Class V, 12, 47. 
as rea^nt, viii. 
precipitated as chromate, 49. 
precipitated as sulphide, 12^ 

47,41. 
presence of indicated, fi2L 
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American and European Railway Practice, in the EcciioiMical 
Generation of Steam, including the materials and constmotion of 
Coal-bnming Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-beating, Supplying and Heating Feed-wat<er, &c. , 
and the adaptation of Wood and Coke-burning Engines to Coal- 
burning ; and in Permanent Way, including Road-bed, Sleepers, 
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander 
L. HoLLBT, B.P. With 77 lithographed plates. 



IjReful Information for Rail^wray Men. 

Pocket form. Morocco, gilt. $2.00i 

Compiled by W. G. Hamilton, Engineer. New Edition, Revised 
' Enlarged. 577 pages. 
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Stuart's Civil and Military Engineers of 

America. 

8vo. niustrated. Cloth. $6.00. 
The Civil and Military Engineers of America. By Greneral 
Charles B. Stuart, Aathor of ** Naval Dry Docks of the United 
States," etc., etc. Embellished with nine fiaelj-execated Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the most important and original works constructed in America. 



Ernst's Manual of Military Engineering. 

193 Wood-catB and 3 Lithographed Plates. 12mo. Cloth. SS.00 
A Manual of Practical Military Engineering. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt. O. H. Ernst, Corps of Engineers, Instructor in 
Practical Military Engineering, U. S. Military Academy. 

Simms' Levelling. 

12ino. Cloth. $t,5a 

A Treatise 6h the Principles and Practice of LETSLLiNOy 
showing its appKcation to purposes of Railway Engineering and the 
Construction of Roads, etc. By Frederick W. Simms, C.E. From 
the filth London edition, Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves. 
Illustrated with three lithographic plates and numerous wood-cuts. 



Jeffers' Nautical Surveying. 

Dlustrated with 9 Copperplates and 31 Wood-cut IllastiatioDs. 8vo. Cloth. $S.OQi 
Kautical Surveying. By William N. Jeffers, Captain U. S. 
Navy. 

Text-book of Surveying. 

8vo. 9 Lithograph Plates and several Wood-cuts. Cloth. $2.00. 
A. Text-book on Surveying, Projections, and Portable Instbumbnts, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

Exg Uses in TopoGRAPmcAL Surveying, From the papers of tht 
U. S. CoiKvt Survey. 
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Ghaixvenet's Xjiinar Distanoes. 

8Ta Cloth. •2.0a 

New Mrthod of Cobrectino Lunab Distances, and Improved 
Method of Finding the Error and Rate of a Chronometer, bj equal 
altitudes. By Wm. CHAUTENfiT, LL.D., Chancellor of Washington 
University of St Louis. 

Burt's Key to Solar Compass. 

Second Edition. Pocket-book form. Tack. $2.50. 

Ket to the Solar Compass, and Surveyor's Companion ; comprising 
all the Rules necessary for use in the Field ; also Description of the 
Linear Surveys and Public Land System of the United States, Notes 
on the Barometer, Suggestions for an Outfit for a Survey of Four 
Months, etc By W. A. Burt, U. S. Deputy Surveyor. 

Ho^ward's Earth.T?rork Mensuration. 

8vo. Illustrated. Cloth. $1.60. 

Eabthwobk Mensubation on the Basis of the Prismoidai. 
FoRMULiB. Containing simple and labor-saving method of obtaining 
Prismoidai Contents directly from End Areas. Illustrated bj 
Examples, and accompanied by Plain Rules for practical uses. By 
CoNWAT R. Howard, Civil Engineer, Richmond, Va. 



iMorris* Easy Rules. 

78 ninstratlonB. Svo. Cloth. $1.60. 
East Rules for the Measurement of EARTHWORiLb, by means of 
the Prismoidai Formula. By Elwood Morris, Civil Engineer. 

Clevenger's Surveying. 

Illastrated Pocket Form. Morocco, gilt $2.60. 
A Treatise on the Method of (tOyernment Surveying, as 
prescribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prao> 
tical Listructions for the use of the U. S. Surveyors in. the Field, and 
Students who contemplate engaging in the business of Publ'c Land 
Surveying. By S, V. Clevenger, U. S. Deputy Surveyor. 

HeTVSou on Embankments. 

8vo. Cloih. $2.00. 

Principles and Practice of Embanking Lands from Kivei 
Floods, as applied to the Levees o| the MississippL By William 
^bwson. Civil Engineer. 
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Minifie's Meclianical II>raT?rmg. 

Ninth Edition. Royal Svo. Cloth. $i.OO. 

A Text- Book of Geometrical Drawing, for the use of Mechanics 
and Schools. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspective and Shadows. 
Witii over 200 diagrams on steeL By William Minifib, Architect. 
With an Appendix on the Theory and Application of Colors. 



Minifie's Geometrical Dra^vsring. 

New Edition. Enlarged. 12mo. Cloth. $2.00 

Geometrical Drawing. Abridged from the octavo edition, for tht 
use of Schools. Illustrated with 48 steel plates. 



Free Hand IDra-wring. 

Profusely Dlostrated. ISmo. Boards. 60 cents. 

A Guide to Ornamental, Figure, and Landscape Drawing. By an 
Art Student. 



Tlie Mecliaiiic's Friend. 

12mo. Cloth. 300 Olostiatlons. $1.60. 

The Mechanic's Friend. A Collection of Receipts and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing- 
Dyes — Electricity — Gilding — Glass-working — Glues — Horology — Lac- 
quers — Locomotives — ^Mag^etism — ^Metal-working — Modelling — Pho- 
tography — ^Pyrotechny — Railways — Solders — Steam-Engine — Tele- 
graphy — Taxidermy — ^Varnishes — ^Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

4A Illastrations. 12mo. Cloth. $1.60. 

MECHAmcs' Tool Book, with Practical Rules and Suggestions, for the 
use of Machinists, Lron Workers, and others. By W. B. Harrison. 



Randall's Quartz Operator's Hand-Book. 

12ino. aoth. $2.0a 

Quartz Operator's Hand-Book. By P. M. Rani>ali«. N^ 
f#l>99l| ¥(^7^964 ^^d Enlarged. f^^Uy illustrated 
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Joynson on Machine Q-earing. 

8vo. Cloth. $2.00. 
Thk Mbchanic's and Student's Guide in the designing and Con* 
struction of General Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 
Edited bj Francis H. Joynson. With 13 folded plates. 

Silversmitli's Hand-Book. 

Fourth Edition. lUuBtrated. 12]na Cloth. $3.00. 

A Practical Uand-Book for Miners, Metallurgists, and Assayem. 
By Julius Silversmith. Illustrated. 



Barnes' Submarine Warfare. 

8to. Qoth. $5.00. 
SuBMABiNB Warfare, Defensive and Offensive. Descriptiona 
of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographio 
plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.50. 
SuBUARiNB Blasting, in Boston Harbor, Massachusetts — ^RemoTal of 
Tower and Corwin Bocks. By John G. Foster, U. S. £ng. and 
Bvt Major-General U. S. Army. With seven plates. 



Mo^vsrbray's Tri-Nitro-Q-lycerine. 

Svo. Cloth. Dlostiated. $3.00 
Tri-Nitro-Gltgerine, as applied in the Hoosac Tunnel, and to Sub- 
marine Blasting, Torpedoes, Quarrying, etc. 

Williamson on the Barometer. 

4to. aoth. $15.00. 
On the Use of the Barometer on Surveys and Reconnais- 
sances. Part I. — ^Meteorology in its Connection with Hypsometry. 
Part n. — Barometric Hypsometry. By R. S. Williamson, Bvt. 
"^.t.-Col. U. S. A., Major Corps of Engineers. With illustrative tablet 
1 engravings. 
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Williamson's Meteorological Tables. 

4to. Flexible Cloth. $2.6a 

Practical Tables in Meteoboloot and Htpsometbt, in connection 
with the nse of the Barometer. By Col. R. S. Williamson, U.S. A. 



Butler's Projectiles and. Rifled Carnxon. 

4to. 36 Plates, aoth. $7.6a 

Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sugges* 
tions for their Improyement. By Capt. John S. Butler, Ordnance 
Corps, U. S. A. 

Beii6t's Chiroiioscope. 

Second Edition. Bliifltrated. 4to. Cloth. $3.00. 

Electro-Ballistic Machines, and the Schultz Chronoscope. By 
Lt-Col. S. Y. Ben^t, Chief of Ordnance U. S. A. 



Micliaelis' Cliroiiograpli. 

4to. niastiated. Cloth. $3.00. 

The Le Bouleng^ Chronoqbaph. With three lithographed folding 
plates of illustrations. By Bvt. Captain O. £. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent on Optics. 

12ino. Cloth. $1.60. 

Treatise on Optics ; or, Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By E. Nugent. With 103 illustrations. 



Peirce's Analytic Meclianics. 

4to. aoth. $10.00. 

System of Analytic Mechanics. By Benjamin Peirce, Pro- 
fessor of Astronomy and Mathematics in Harvard University. 

Craig's Decimal System. 

Square 32ma limp* 50c 

Weights and Measures. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Uses. Ej B. F« 
Craig, M.D. 
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Alexander's Dictionary of Weights and 

Measures. 

New Edition. 8vo. Clotli. $3.6a 
Universal Dictionary of Wrights and Measures, Ancient and 
Modern, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Liglit- Houses. 

01 Engravings and 21 Wood-cntB. 8yo. Cloth. $5.0a 
European Lioht-Housb Systems. Being a Report of a Tour of 
Inspection made in 1873. By Major George H. Elliot, U. S. 
Engineers. 

ST?reet's Report on Coal. 

With Maps. 8yo. Cloth. $&00. 
BnciAL Report on Coal. By S. H. Sweet. 



Oolburn's Gas Works of London. 

12mo. Boards. 60 cents. 
Gas Works of London. By Zerah Colburn. 

Walker's ScreA?v Propulsion. 

8Ta Cloth. 75 cents. 

KoTBS ON Screw Propulsion, its Rise and History. By Capk. W. H 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8yo. Cloth, ninstrated. $6.0a 

Method of Preparing the Lines and Drauohtino Vessels 
Propelled by Sail or Steam, including a Chapter on Laying-o£E 
on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo; Qoth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzeb. 



Eassie on AVood and its Uses. 

250 Illustrations. 8vo. Cloth. $1.50. 

A Hand-book for the Use of Contractors, Builders, Architects, 
Engineers, Timber Merchants, etc., ^ith information for drawing up 



Designs and Esliniotcs. 
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Wanklyn's Milk Analysis. 

12mo. Cloth. 01.00. 

Milk Analysis. A Practical Treatise on the Examination of Milk, 
and its Derivatives, Cream, Butter, and Cheese. By J. Alfred 
Wanklyn, M.R.C.S. 



Rice & Jolmsoix's IDifferential Functions. 

Paper,12 mo. 50 cents. 

On a New Method of Obtaining the Differentials of Funo* 
TiONS, with especial reference to the Newtonian Conception of Bates 
or Velocities. By J. Minot Bice, Prof, of Mathematics, U. S. Navy, 
and W. WooLSEY Johnson, Prof, of Mathematics, St. John's 
College, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12mo. Cloth. $3.60. 



ITavigation and Nautical Astronomy. Prepared for the use of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 
tions. 



Clark's Theoretical Navigation, 

8vo. Cloth. $3.oa 

Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut.-Coinmander, U. S. Navy. Illustrated with 41 wood* 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, $3.00 aoth,$3,75. 

Dictionary of Elevations and Climatic Register of the 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and Physical 
Peculiarities of North America. By J. M. Toner, M.D. 
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VAN NOSTRAND'S SCIENCE SERIES, 



It is the intention of the Publisher of this Series to issue them at 
intervals of about a month. They will be put up in a uniform, neat, 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics aa 
possible, all of the highest character. 

Price, 50 Cents Each. 

L Chimnsts for Furnaces, Fire-places, and Steam Boilers. By 
R. Armstrong, C.E. 

JL Steam Boiler Explosions. By Zerah Colburn. 

m. Practical Designing of Retaining Walls. By Arthur Jacob, 
A.B. With Illustrations. 

lY. Proportions of Pins Used in Bridges. By Charles £. 
Bender, G.£. With Illustrations. 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

YI. On the Designing and Construction of Storage Reservoirs. 
By Arthur Jacob. With Illustrations. 

YlL Surcharged and Different Forms of Retaining Walls. 
By James S. Tate, C.E. 

VHr. A Treatise on the Compound Engine. By John Turnbull. 
With Illustrations. 

IX. Fuel. By C. William Siemisns, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm- 
ALD, C.E. 

X. Compound Engines. Translated from the French of A. Mallet. 
Illustrated. 

XL Theory of Arches. By Prof. W. Alt^n, of the Washington and 
Lee College. Illustrated. 

A Practical Theory op Voussoir Arches. By William CAiMf 
E Illustrated. 
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XnL A Practical Tbbatise on the Gases Met With ik Coal 
Mines. By the late J. J. Atkinson, Goyemment Inspector of 
Mines for the County of Durham, England. 

XIV. Friction of Air in Mines. By J. J. Atkinson, author of *^ A 
Practical Treatise on the Gases met with in Coal Mines." 

XY. Skew Arches. By Prof. E. W. Hyde, C.E. Illustrated witk 
numerous engravings and three folded plates. 

XVI. A Graphic Method for Sol vino Certain Algebraic Equa- 
tions. By Prot George L. Yose. With Illustrations. 

3CYIL Water and Water Supply. By Prof. W. H. Corfibld, 
M.A., of the University College, London. 

XYin. Sewerage and Sewage Utilization. By Prot W. H. 
CoRFiELD, M.A., of the University College, London. 

XIX Strength of Beams Under Transverse Loads. By Prof. 
W. Allan, author of ** Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMasters^ 
C.E. With Illustrations. 

XXL Safety Yalyks. By Richard H. Buel, C.E. With Illustra- 
tions. 

XXn. High Masonry Dams. By John B. McMasters, C.B. 

With Illustrations. 

XXm. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the Grerman of 
Prof. LuDWiG Spangenberg. With a Preface by S. H. ShreYe, 
A.M. With Illustrations. 

XXIY. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Illinois Industrial University. 

XXY. Theory and Calculations of Continuous Bridges. By 
Mansfield Merriman, C.E* With Illustrations. 

XXYI. Practical Treatise on the Pbofebtieb of Continuous 
Bridges. By Charles Bender, C.E. 
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XXVIL Oh Boilbb Incrustation and Gobbosion. By J. F. Rowan. 

XXVnL On Transmibsion of Power bt Wire Bofb. Bj Albert W. 
StahL 

XXTX. Injectors : Thbir Theobt and Use. Translated from the 
French of M. Leon Pouchet. 

XXX. Tebrestrial Maqnbtibm and the Hagnetisic of Iron Shipsw 
By Professor Fairman Rogers. 

XXXL The Sanitary Condition of Dwelling Houses in Town and 
Ck>UNTRT. By Qeorge £. Waring, Jr. 
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IN PRESS. 



Heating and Ventilation in its Practical Ap- 
plication for tlie Use of Engineers and 
Architects. 

Embracing a Series of Tables and Formulae for dimensions for Heating 
Flow and Return Pipes, for Steam and Hot Water Boilers, Flues, etc., 
etc By F. Schumann, C. E, 1 vol. 12mo. Illustrated. 



A Guide to the Determination of Rocks. 

Being an Introduction to Lithology. By Edward Jannettaz, Doctuer des 
Sciences. Translated from the French by GJeo. W. Pljrmpton, Profes- 
sor of Physical Science, Brooklyn Polytechnic Institute. 12mo. 



Shield's Treatise on Engineering 

Construction. 

12mo. Cloth. 11.50. 

Embracing Discussions of the Principles involved and Descriptions of the 
Material employed. 
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RECENT WORKS. 



Fanning's Water Supply Engineering?. 

8yo. 650 pages. 180 Illustrations. Extra cloth. $6.00. 

A. Practical Tbeatisb on Water Supply ENomESRiNG. Relating to 
the Hydrology, Hydrodynamics, and Practical Construction of Water 
Works, in North America. With numerous Tables and Dlustrations. 
By J. T. Fanning, C. E. 

Clark's Complete Book of Reference for 
Meclianical Engineering. 

1012 pages. Svo. Cloth, $7.50. Half morocco. $10.00. 
A Manual of Rules, Tables and Data for Mechanical Engineers. 
Based on the most recent investigations. By Daniel Eannear Clark. 
Illustrated with numerous diagrams. 

Mott's Cliemists Manual. 

650 pages. 8vo. Cloth. $6.00. 
A Practical Treatise on Chemistry (Qualitative and Quantitative 
Analysis), Stoichiometry, Blowpipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, Specific Gravities, 
Weights and Measures, etc., etc., etc. By Henry A. Mott, Jr., E. M., 
Ph.D. 

Weyranch. on Iron and Steel Oonstrnctions. 

12mo. Cloth. $1.00. 
Strength and Calculation of Dimensions of Iron and Steel Con- 
structions, virith reference to the latest experiments. By J. J. Wey- 
rauch, Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 

Osbnn's Beilsteins' Chemical Analysis. 

12mo. Cloth. 75 cents. 

An Introduction to Chemical Qualitative Analysis. By F. Beil 
stein. Third edition, translated by I. J. Osbun. 



Davis and Bae's Hand Book of Electrical 

Diagrams. 

Oblong 8vo. Extra cloth. $2.00. 
Hand Book of Electrical Diagrams and Connections. By Charles 
H. Davis and Frank B. Rae, Illustrated with 32 full page illustrations. 
Second edition. 
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Tlie Univei^sity Series. 

Ka 1.^0n thk Phtbical Basis or Lifc By Prof. T. fl. Huxljet, 
LL.D., F.R.S. With an introduction by a Professor in Yale College. 
12mOy pp. 3^ Paper corer, 25 cents. 

Ko. 2. — ^Tbb Corelatiok or Vital and Physical Forces. By 
Prof. Gborok F. Barkbr, M.D., of Yale College. 36 pp. Paper 
covers, 25 cents. 

Vo. 3. — As RcoARDS Protoplasm, in relation to Prof. Huxley's 
Physical Basis of Life. By J. HuTCHmsoN STiRLnra. F.B.C.S. 
72 pp., 25 cents. 

No. 4. — On the Hypothesis or Evolittion, Physical and Meta- 
physicaL By Prof. Edward D. Cope. 12nio, 72 pp. Paper covers, 
25 cents. 

No. 5. — SciENTiric Addresses: — 1. On the Methods and Tendencies 
of Physical Investigation. 2. On Haze and Dust 3. On the Scien- 
tific Use of the Imagination. By Prof. John Tyndall, F.B.S. 
12mo, 74 pp. Paper covers, 25 cents. Flex, cloth, 50 cents. 

No. 6. — ^Natural Selection as Applied to Man. By AxrRED 
Russell Wallace. This pamphlet treats (1) of the Developemeut 
of Haman Races under the Law of Selection ; (2) the Limits of 
Natural Selection as applied to Man. 54 pp. 25 cents. 

No. 7. — Spectrum Analysis. Three Lectures by Profs. Roscoe, 
HuooiNS and Lockybr. Finely Illustrated. 88 pp. Paper covers, 
25 cents. 

No. 8. — ^The Sun. A sketch of the present state of scientific opinion 
as regards this body. By Prof. C. A. YouNO, Ph. D. of Dartmouth 
College. 58 pp. Paper covers, 25 ceuts. 

No. 9. — The Earth a Great Magnet. By A. M. Mayer, Ph. D., 

of Stevens' Institute. 72 pp. Paper covers, 25 cents. Flexible 
cloth, 50 cents. 

ffo. 10.— Mysteries of the Voice and Ear. By Prof. O. N. Rood, 
Columbia College, New York. Beautifully Hlustrated. 38 ppc 
Paper covers, 25 cents. 



The Rebellion Record. 

EDITED BY FRANK MOORE. 
Complete in 13 Volumes. 

W] th 158 Steel Engraved Portraits of Distm^roished Generals and Prominent Men; 
together with numerous Maps and Plans of Battles. 



THE REBELLION RECORD. Containing a full and concise Diary 
of Events, from the meeting of the South Carolina Convention in 
December, 1860, to the close of the War of the Rebellion, together 
"witb Official Reports of both Federal and Confederate State Officers, 
and Narratives of all the Battles and Skirmishes that occurred. 12 
vols., cloth, $60.00 ; library sheep, $72.00 ; half calf, antique, $78.00 ; 
half morocco, $78.00 ; half russia, $84.00. 
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Single volumes to complete sets furnished at the same rates. 



There are very few men of ordinary intelligence, and possessing an 
ordinary share of interest in the war which for a long period so entirely 
engrossed the public attention, who have not very often desired to fix 
the date of some important battle, some change of conmianders, or the 
issue of some noteworthy proclamation. There are fewer still who 
would not feel an interest in recurring to the vivid description of some 
important engagement by sea or land, in which mayhap a kinsoian or 
friend participated. 

' THE REBELLION RECORD has, as we believe, -a claim to a very 
wide circulation on the following grounds: its accuracy, its impartiality, its 
completeness, its preservation of all the materials for a future history of 
the struggle, its connected diary, its valuable documents, its interesting 
collection of incidents, its garnering up the poetry called out by the war, 
and its unique character, as the only work of its kind. 

THE REBELLION RECORD has now become so firmly established 
as the standard authority of the war, that individuals in all departments 
of the Army, Navy, and Government, are constantly referring to it, for 
narratives of important events, and official reports unpublished elsewhere. 

This work is a compendium of information, made up of special correspondence, 
official reports, ^nd gleanings from the newspapers of both sections of the United 
States and of Europe. Of these latter, over five hundred are used in its prepanir 
tion. 
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ECLECTIC ENGINEERING MAGAZINE. 

Large 8vo, MoniJily. 
Tebms, $5.00 PER Annum, in Advance* 

SIBTGLB COPIES, ftO CENTS. 

First Number -was issued January 1, 1869, 



» • < 



STAN NOSTEAND'S MAGAZINE consists of Articles, Original 
and Selected, as also Matter condensed from, all the Engineering 
Serial Publications of Europe and America. 

SIXTEEN VOLUMES NOW COMPLETE. 

Notice to New Subscribers. Persons commencing their sub- 
scriptions with the Seventeenth Volume (July, 1877), and who are 
desiroas of possessing the work from its commencement, will be 
supplied with Volumes I. to XVL, inclusive, neatly bound in cloth, 
for $43. Half morocco, $66.50. Sent free by mail or express on 
receipt of price. 

Notice to Clubs. — An extra copy will be supplied, gratis, to 
every Club of five subscribers, at $5.00 each, sent in one remits 
tance. 

This magazine is made up of copious of reprints from the leading scien- 
tific periodicals of Europe, together with original articles. It is extremely 
-well edited, and cannot fail to prove a valuable adjunct in promoting the 
engineering skill of this country. — New York World. 

No person interested in any of the various branches of the engineering 
profession can afford to be without this magazine. — Tdegrwpher. 

The most useful engineering periodical extant, at least for American 
readers. — Chemical News. 

As an abstract and condensation of current engineering literature thii 
magazine will be of great value, and as it is the first enterprise of th^ 
kind in this country, it ought to have the cordial support of the engineer 
ing profession, and all interested in mechanical or scientific progress.— 
Iron Age. 

It is, in truth, as the publisher asserts, *' a novelty in engineering liter* 

ature," filling a place, and answering a legitimate demand, hitherto im- 

"'^Dplied. Its object is, in brief, to present not specimens but abstracts— 

^et results — of aU current fact and opinion in engineering literature. 

oago BaUway Review, 
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Benton^s Ordixance and GnniieiTy* 

Fourth EdMott, Sevised and Enlarged. 870. Cloth. $5.00. 

OsDiTANCB AND GuxjfEBY. A CouTso of Instnkctioa in Ordnftncd 
and Gunnery. Compiled for the use of the Cadets of the U. S. Militarj 
Academy, bj CoL J. G^ Bentont, Major Ordnance Dep. , late Instructor 
of Ordnance and Gunnery, Military Academy, Weat PoinL Illus- 
trated. 

HoUey^s Ordnance and Armor- 

Svo. Half Soaii, $lQ.Oa Half Russia, $12S£l 
A Tbeatise oh Obdnakcb and Aekob. With an Appendix, refer- 
ring to Gun-Cotton, Hooped Guns,«tc*, etc By Alexander I^ HoUey, 
B. P. With 493 illustrations. M8 pages. 

Scott's Military Dictionary- 

8yo. Half Scan, $6j00. Half fiuana, ^.00. FullMon>coo, $mOQL 
MiLTTART DiCTiONABT. Comprising Technical Definitions; Informs* 
tioa on Baking and Keeping Troops; Law, Goyemment, Begu* 
lation, and Administration relating to Land Fotcetu Bj CoL H« L. 
JSoott,U.&A. IvoL Fully iUustrated. 

Eoemer's Cavalry. 

8m €aoai,$6.0QL Hall Calf, $7.50. 

Cataxbt: Its Histobt, Manac^emsnt, and Uses in Wab« By J« 
Boemer, LL.D., late an officer of Cavalxy in the S^rice of the J^ether* 
lands. Elegantly illustrated mth one hundred and twenty^^erea £no 
wood eugtK^gg, Beautifully printed oa tinted paper. 
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Michaelis' Chroixograph. 

4to. lUustrated. Quth. $3.00. 
The Le Boulexge Chronograph. With three lithographed folding 
plates of illustrations. By Brevet Capt. O. E. Michaelis, First Lieu- 
tenant Ordnance Corps, U. S. Army. 

Benet's Ctiroiioscope. 

Second Edition. Blastratci. 4to. Cloth. $3.0a 
Elkctro-Ballistic Machines., and the Schultz Chronoscope. By 
GenL S. Y. Ben^t, Chief of Ordnance, U. S. Army. 



Hhzfour's Principles of Strategy and Grand 

Tactics. 

12ino. Qoth. $3.00. 
The Principles of Strategy axi> Grand Tactics. Translated 
from the French of General G. H. Dufour. By William P. Craighill, 
U. S* £ngr., and late Assistant Professor of Engineering, Military 
Academy, West Point From the last French edition. Illustrated. 



Jomini's Life of tlie Emperor Napoleon. 

4 Tols. 9vo., and Atlas. Cloth. Half Calf. 

Military and Political Life of the Emperor Napoleon. By 
Baron Jomini, General-in-Chief and Aid-de-Camp to the Emperor of 
Bussia. Translated from the French, with Notes, by H. W. Halleck, 
LL.D., Major-General U. S. Army. With 60 Maps and PIan& 

Jomini's Campaign of Waterloo. 

Third Edition. 12mo. Ooth. $1.25. 
ifs Political and Military History of the Campaign of Wa- 
terloo. Translated from the French of General Baron de Jomini, by 
Genl. 8. Y. Benet, Chief of Ordnance. 



Jomini's Q-rand Military Operations. 

2 Tob. Syow, and Atlas. Qoth, $15.0a Half Calf or Morocco, $21. Half Russia, 

$22.50. 

Treatise on Grand Military Operations. Illustrated by a Critical 
and Military History of the Wars of Frederick the Great. With a 
Summary of the Most Important Principles of the Art of War. By 
Baron de Jomini. Illustrated by Maps and Plans. Translated from 
the French by CoL S. B. Holabird, A. D. C, U. S. Army. 
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Rodenboiigh's Everglade to Canon. 

BoyalSvo. lUustiated with Chiomo-Litbographfl. Extra aoth. $7,50. 
Everglade to Canon, with the Second Dragoons (Second U. S. Cav- 
alry), an authentic account of service in Florida, Mexico, Virginia and 
the Indian Country, including Personal Recollections of Distinguished 
Officers. By Theo. F. Rodenbough, Colonel and Brevet Brigadier- 
General, U S. Army. 

History of Brevets. 

Crown Syo. Extra Cloth. $3.50. 
The History and Legal Effects of Brevets in the Armies of 
Great Britain and the United States, from the origin in 1692 until the 
present time. By (Jen. James B. Fry, U. S. Army. 

Barre IDuparcq's Military Art and History. 

8vo. Cloth. $5.00. 

Elements of Military Art and History. By Edward de la Barr^ 
Duparcq, Chef de BataiUon of Engineers in the Army of France, and 
Professor of the Military Art in the Imperial School of St. Cyr. 
Translated by Colonel Geo. W. Cullum, U. S. E. 

Discipline and Drill of the Militia. 

Crown 8vo. Flexible cloth. $3.00. 

The Discipline and Drill of the Militia. By Major Frank S. 
Arnold, Assistant Quartermaster-General, Rhode Island. 



Wallen's Service Manual. 

12mo. aoth. $1.50. 
Service Manual for the Instruction of newly appointed Commissioned 
Officers, and the Bank and File of the Army, as compiled from Army 
Regidations, The Articles of War, and the Customs of Service. By 
Henry D. Wallen, Bvt. Brigadier-General U. S. Army. 

Boynton's History of West Point. 

Second Edition, 8vo. Fancy Cloth. $3.60. 
History of West Point, and its Military Importance during the 
American Bevolution; and the Origin and Progress of the United 
States Military Academy. By Bvt. Maj. Edward C. Boynton, A. M, 
Adjutant of the Military jicademy. ^ With 36 Maps and Engraving 
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Wood's West Point Scrap-Book. 

8to, Extra Cloth. $5.00 
The West Point Scraf-Book. Being a Collection of Legends, Stories, 
Songs, &c. By Lieut O. E. Wood, U. S. A. With 69 wood-cut 
Illustrations. Beautifully printed on tinted paper. 

West Point Life. 

Oblong 8yo. Cloth, $2.50. 
West Point Life. A Poem read before the Dialectic Society of the 
United States Military Academy. Illustrated with twenty-two full- 
page Pen and Ink Sketches. By A Cadet. To which is added the 
song, "Benny Havens, Oh I" 

Gillmore's Fort Sumter. 

Syo. Cloth. $10.00. Half Russia, $12.00. 
Gillmore's Fort Sumter. Official Report of Operations against the 
Defences of Charleston Harbor, 1863. Comprising the descent upon 
Morris Island, the Demolition of Fort Sumter, and the siege and 
reduction of Forts Wagner and Gregg. By Maj.-Gen. Q. A. GiU- 
more, U. S. Engineers. With 76 lithographic plates, views, maps, etc. 



Gil Im ore's Supplementary Report on Fort 

Sumter. 

Svo. Qoth. $5.00, 
Supplementary Report to the Engineer and Artillery Operations 
against the Defences of Charleston Harbor in 1863. By Maj.-Gen. Q. 
A. Gillmore, U. S. Engineers. With Seven Lithographed Maps and 
Views. 



Gillmore's Fort Pulaski. 

Svo, Cloth. $2.60 

Siege and Reduction op Fort Pulaski, Georgia. By Maj.-Gen. 
Q. A. Gillmore, U. S. Engineers. Illustrated by Maps and Views. 



Barnard and Barry's Report. 

8vo. Cloth. $4.0a 
Beport of the Engineer -and Artillery Operations op thk 
Army op the Potomac, from its Organization to the Close of the 
Peninsular Campaign. By Maj.-Gen. J. G. Barnard, U. S. Engineers, 
and Maj.-Gen. W. F. Barry, Chief of Artillery. Illustrated by 18 
Maps, Plans, &c. 
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Guide to West Point. 

18mo. Flexible Cloth. $1,00. 
Guide to West Point and the U. S. Military Academy. With 
Maps and Engravings. 

Barnard's O. S. A., and the Battle of Bull 

Run. 

8vo. Cloth. $2.00, 
The " C. S. A.," and the Battle of Bull Run. By Maj .-Gren. J. G. 
Barnard, U. S. Engineers. With five Maps. 

Barnard's Peninsular Campaign. 

8vo, Cloth. $1.00. 12mo. Paper. 30c. 
The Peninsular Campaign and its Antecedents, as developed by 
the Report of Maj.-Gren. Geo. B. McClellan, and other published 
Documents. By Maj.-Gen. J. G. Barnard, U. S. Engineers. 



Barnard's Notes on Sea-Coast Defence. 

Svo. Cloth. $2.00. 

Notes on Sea- Coast Defence: Consisting of SearCoast Fortifica- 
tion ; the Fifteen-Inch Gun ; and Casemate Embrasure. By Major- 
Gen. J. G. Barnard, U. S. Engineers. With an engraved Plate of 
the 15-inch Gun. 



Henry's Military Record oif Civilian 
Appointments, U. S. A. 

2 Vols, Svo. Qoth. $10.00. 

Military Record of Civilian Appointments in the United 
States Army. By Guy V. Henry, Brevet-Colonel U. S. A. 



Harrison's Pickett's Men. 

12mo. Goth. $2.00. 
Pickett's Men. A Fragment of War History. By Col. Walter Har* 
rison. With portrait of Gen. Pickett. 



Todleben's Defence of Sebastopol. 

12mo. Cloth. $2.00. 
Todleben's (General) History of the Defence of Sebastopoi»> 
By William Howard Bussell, LL.D., of the London Times. 
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Motclikiss and Allan's Battle of Ctiaiicellors- 

ville. 

Sva Cloth. $5.0a 
The Battle-fields of Virginia. Chancellorsville, embracing the 
Operations of the Army of Northern Virginia. From the First Battle 
of Fredericksburg to the Death of Lt-Gen. T. J. Jackson. By Jed. 
Hotchkiss and William Allan. Illustrated with five Maps and Por- 
trait of Stonewall Jackson. 



Andrews' Campaign of Mobile. 

Sva Cloth, sasa 

The Campaign of Mobile, including the Co-operation of General 
Wilson's Cavalry in Alabama. By Brevet Maj.-Gen. C. C. Andrews. 
With five Maps and Views. 

Stevens' Three Years in tlie Sixth. Corps. 

New and Revised Edition. 8vo. Cloth. $3.00 

Three Years in the Sixth Corps. A concise narrative of events in 

the Army of the Potomac from 1861 to the Close of the Rebellion. 

April, 1865. By Geo. T. Stevens, Snrgeon of the 77th Regt. New 

York Volunteers. Dlustrated with 17 engravings and six steel portraits. 

Lecomte's War in the United States. 

12ma Cloth. $1.0a 
The War in the United States. A Report to the Swiss Military 
Department By Ferdinand Lecomte, Lieut.-Col. Swiss Confedera 
tion. Translated from the French by a Staff Officer. 

Roberts' Pland-Book of Artillery. 

16mo. Morocco Clasp. $2.0a 

Hand-Book of Artillery. For the service of the United States 
Army and Militia. Tenth edition, revised and greatly enlarged. By 
Joseph Roberts, Lt.-Col. 4th Artillery and Brevet. Maj.-General U S, 
Army. 

Instructions for Field Artillery. 

12ma aoth. $3.0a 
Instructions for Field Artillkry. Prepared by a Board of Artil 
lery Officers. To which is added the ** Evolutions of Batteries," 
•ranslated from the French, by Brig.-Gen. R. Anderson, U. S. A. liU 
ates. 
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Heavy Artillery Tactics. 

12mo. Cloth. S2.5a 
Heavy Artillery Tactics. — 1863. Instructions for Heavy Artillery; 
prepared by a Board of Officers, for the use of the Army of the United 
States. With service of a gun mounted on an iron carriage and 39 
plates. 



Andersons' Evolutions of Field Artiller^^. 

24mo. Qoth. $1.0a 
Evolutions op Field Batteries of Artillery. Translated from 
the French, and arranged for the Army and Militia of the United 
States. By Gen. Robert Anderson, U. S. A. Published by order of 
the War Department. 33 plates. 



IDnane's Manual for Engineering Troops. 

12ma Half Morocco. $2.50. 
Manual for Engineer Troops : Consisting of — Part I. Ponton Drill; 
II. Practical Operations of a Siege; III. School of the Sap ; IV. Mili- 
tary Mining ; V. Construction of Batteries. By General J. C. Duane, 
Corps of Engineers, U. S. Army. With 10 plates and numerous wood- 
cut illustrations. 



Cnllnm's Military Bridges. 

8yo. Cloth. $3.50. 
Systems of Military Bridges, in use by the United States Army^ 
those adopted by the Great European Powers ; and such as are em- 
ployed in British India. With Directions for the Preservation, 
Destruction, and Re-establishment of Bridges. By Col. George W. 
Cullum, U. S. E. With 7 folding plates. 



Mendell's Military Surveying. 

12mo. Cloth. $2.0a 
A Treatise on Military Surveying. Theoretical and Practical, 
including a description of Surveying Instruments. By G. H. Mendell, 
Major of Engineers. With 70 wood-cut illustrations. 



Abbot's Siege Artillery Against Ricliniond. 

8va Cloth. $3.50. 

Siege Artillery in the Campaign Against Richmond. By Henr^ 
L. Abbot, Major of U. S. Engineers. Illustrated. 
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Haupt's Military Bridges. 

8vo. Cloth. $6. 5a 
Military Bridges ; For the Passage of Infantry, Artillery and Bag- 
gage Trains ; with suggc^stions of many new expedients and construc- 
tions for crossing streamj.and chasms. Including also designs for 
Trestle and Truss-Bridges for Military Railroads, adapted specially to 
the wants of the Service of the United States. By Herman Haupt, 
Brig.-Gen. U- S. A., author of ** General Theory of Bridge Construc- 
tionsy" &c. Illustrated by 69 lithographic engravings. 



Liendy's Maxims and Instructions on tlio 

Art of War. 

18ma Qoth. 75c. 
Maxims Ain> Instructions on the Art op War. A Practical 
Military Guide for the use of Soldiers of All Arms and of all Coun- 
tries. Translated from the French by Captain Lendy, Director of the 
Practical Military College, late of the French Staff, etc., etc 



Benet's Military Law and Courts-Martial 

Sixth Edition, Revised and Enlarged. 8vo. Law Sheep. S44S0. 
Benet's Military Law. A Treatise on Military Law and the Ptuc- 
tice of Courts-Martial. By Gen. S. V. Bendt, Chief of Ordnance U. S. A., 
late Assistant Professor of Ethics, Law, &c., Military Academy, West 
Point. 

U.ppitt's Special Operations of War. 

niustiated. 18mo. Cloth. $1.0a 

I-dppitt's Field Service in War. 

12mo. Goth. $1.00. 



Lippitt's Tactical Use of the Ttiree Arms. 

12mo. Cloth. $1.0a 



Lippitt on Intrencliments. 

41 Engravings. 12mo. aoth. $1.2S. .^^/^ 

Kelton's New Bayonet Exercise. 

Fifth Edition. Revised. 12mo. Cloth. $2.00. 
Kew Bayonet Exercise. A New Manual of the Bayonet, for the 
Army and Militia of the United States. By General J. C. Keltou 
\ S. A. With 40 beautifully engraved plates. 
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Craighill's Army Officers' Companion. 

ISmo. Full Boaii. 82.0a 
Thb Army Officers' Pocket Companion. Principally designed for 
Staff Officers in the Field. Partly translated from the French oi 
M. de Rouvre, Lieut-CoL of the French StafE Corps, with additions 
from Standard American, French, and English autliorities. By Wm. 
P. Craighill, Major U. S. Corps of Engineers, late Assistant Professor 
of Engineering at the U. S. Military Academy, West Point. 

Casey's XT. S. Infantry Tactics. 

8 Tols. 24ma Cloth. ib.60i 
U. S. Infantry Tactics. By Brig.-Gen. Silas Casey, U. S. A. 8 vols., 
24mo. Vol. I. — School of the Soldier; School of the Company; In- 
struction for Skirmishers. YoL II. — School of the Battalion. VoL 
III.— Evolutions of a Brigade; Evolutions of a Corps d'Arm^e. 
Lithographed plates. 

United States Tactics for Colored Troops. 

24ma Qoth. $L5a 
U. S. Tactics fob Colored Troops. U. S. Infantry Tactics for the 
use of the Colored Troops of the United States Infantry. Prepared 
under the direction of the War Depai-tment. 



Morris' Field Tactics for Infantry. 

Dlnstrated. 18mo. Cloth. 75c. 
Field Tactics tor Infantry. By Brig.-Gen. Wm. H. Morris, U. S, 
Vols., late Second U. SS. Infantry. 

Monroe's Liglit Infantry and Company Drill. 

S2mo. Cloth. 75c. 
Light Infantry Company and Skirmish Drill. Bayonet Fencing ; 
ivith a Supplement on the Handling and Service of Light Infantry. 
By J. Monroe, Col. Twenty-Second Regiment, N. G., N. Y. S. M. for- 
merly Captain U. S. Infantry. 

Berriman's S^^vord Play. 

Foarth Edition. 12mo. Cloth. $1.0a 
Sword-Play. The Militiaman's Manual and Sword-Play without a 
Master. Rapier and Broad-Sword Exercises, copiously explained and 
illustrated; Small- Arm Light Infantry Drill of the United States 
Army ; Infantry Manual ot Percussion Musket ; Company Drill of the 
United oiates Cavalry. By Major M. W. Berriman. 
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Morris' Infantry Tactics. 

2 volfl. 24ino. $2.00. 2 yoIb. in 1. Qoth. $1,50. 
INFANTRY Tactics. By Brig. -Gen. William H. Morris, U. S. Vols 
and late U. S. Seeond Infantry. 



Le Gal's Scliool of tlie Griiid.es. 

IGmo. Cloth. 60c. 
The ScnooL of the Guides. Designed for the use of the Militia of 
the United States. By Col. Eugene Le GaL 



Duryea's Standing Orders of tlie Seventh. 

Regiment. 

New Edition. 16ina Qoth. 50c. 
Standing Orders of the Seventh Regiment National Guards. 
By A. Duryea, Col6nel. 

Heth's System of Target Practice. 

18mo. Cloth. 75c. 
System of Target Practice ; For the use of Troops when armed 
with the Musket, Rifle-Musket, Rifle, or Carbine. Prepared princi- 
pally from the French, by Captain Henry Heth, Tenth Infantry, 
U. S. A. 



Wilcox's Rifles and Rifle Practice. 

New Edition. Illustrated. 8vo. Cloth. $2.00. 
Rifles and Rifle Practice. An Elementary Treatise on the Theory 
of Rifle Firing ; with descriptions of the Infantry Rifles of Eurox>e 
and the United States, their Balls and Cartridges. By Captain C. M. 
Wilcox, U. S. A. 



Viele's Hand-Book for Active Service. 

12mo. Cloth. 61. Oa 
IIand-Book for Active Service, containing Practical Instinictions in 
Campaign Duties. For the use of Volunteers. By Brig.-Gen. Egbert 
L. Viele, U. S. A. 

Nolan's System for Training Cavalry Horses. 

24 Plates. Cloth. $2.C0. 
'^^— fN's System for Training Cavalry Horses. EyKennerGar- 
Bvt. Brig.-Gen. U. S. A. 



D. VAN NOSTRAND. 85 



Arnold's Cavalry Service. 

Dlustiated. 18mo. Clo^ 75c 
Notes on Horses for Cavalry Service, embodying the Quality, 
Purchase, Care, and Diseases most frequently encountered, with lessons 
for bitting the Horse, and bending the neck. By Bvt. Major A. K. 
Arnold, Capt. Fifth Cavalry, Assistant Instructor of Cavalry Tactics, 
U. S. MiL Academy. 

Cooke's Cavalry Practice. 

100 Ulnstrations. 12ma Qoth. $l.oa 
Cavalry Tactics; Regulations for the Instruction, Formation and 
Movements of the Cavalry of the Army and Voluataers of tha United 
States. By Philip St. George Cooke, Brig.-Geu. U. S. A. 
This is the edition now in use in the U. S. Army. 

Patten's Cavalry Drill. 

93 Engravings. 12mo. Pai)er. 50c. 
Cavalry Drill. Containing Instructions on Foot ; Instructions on 
Horseback ; Basis of Instruction ; School of tha Squadron, and Sabre 
Exercise. 



Patten's Infantry Tactics. 

02 E:igravings. 12mo. Paper. 60c. 
Infantry Tactics. School of the Soldier ; Manual of Arms for the 
Ptifle Musket; Instructions for Recruits, School of the Company; 
Skirmishers, or Light Infantry and Rifle Company Movements ; the 
Bayonet Exercise ; the Small- Sword Exercise ; Manual of the Sword 
or Sabre. 

Patten's Infantry Tactics. 

Revised Edition. 100 Engravings. 12ma Paper. 75c. 
IxFAXTRY Tactics. Contains Nomenclature of the Musket; School 
of the Company ; Skirmishers, or Light Infantry and Rifle Company 
Movements ; School of the Battalion ; Bayonet Exercise ; Small Sword 
Exercise ; Manual of the Sword or Sabre. 



Patten's Army Manual. 

8vo. Cloth. $2.0a 
Army Maiojal. Containing Instructions for Officers in the Preparation 
of Rolls, Returns, and Accounts required of Regimental and Company 
Comniandi^rs, and pertaining to the Subsistence and Quartermaster's 
Departmeut, ccc, Lz. 
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Patten's Artillery l>rill/ 

12mo. Fiaper. 60c. 
Abtuxery Driul. Containing instruction in the School of the Piece, 
and Battery Manoeuyres, compiled agreeably to the Latest Regulations 
of the War Department. From Standard Military Authority. By 
George Patten, late U. S. Army. 

Andrew^s' Hints to Company Officers. 

18ma Cloth. 60c. 
Hints to Company Officers on their Military Duties. By 
General C. C. Andrews, Third Eeg^, Minnesota Yols. 



Thomas' Rifled. Ordnance. 

Fifth Edition, Bevised. Blustiated. Svo. Qoth. $2.00. 
Rifled Ordnance ; A Practical Treatise on the Application of the 
Principle of the Rifle to Guns and Mortars of every calibre. To which 
is added a new theory of the initial action and force of Fired Gun- 
powder. By Lynall Thomas, F. R. S. L. 



Brinkerlioff 's Volunteer Qnartermaster. 

12mo. aoth. $2.50. 
The Volunteer Quartermaster. By Captain R. Brinkerhoff, Post 
Quartermaster at Washington. 

Hnnter's Manual for Quartermasters and 

Commissaries. 

12ma aoth. $1.25. Flexible Morocco, $1.50. 
Manual for Quartermasters and Commissaries. Containing 
instructions in the Preparation of Vouchers, Abstracts, Returns, etc. 
By Captain R. F. Hu^ter, Jate of the U. S. Army. 12mo. Clotli. 
$1.25. 

Greener's G-unnery. 

8va Qotli. $4.00. FuUCalf. $6.0a 
Gunnery in 1858. A Treatise on Rifles, Camion, and Sporting Arms. 
By W'm. Greener, R. C. E. 

Head's System of Fortifications. 

Illustrated. 4to. Paper. $1.00. 
New System of Fortifications. By Gaorge E. Head, A. M., 
'^apt. Twenty-Ninth Infantry, and Byt. Major U. S. A. 



D. VAN NOSTBAND. 37 



Experiments on Metal for Cannon. 

4ta 25 Plates. Qoth. $10.0a 
Beports of Experiments ox the Strength and other Properties 
OF Metals for Cannon ; with a Description of the Machines for 
Testing Metals, and of tlie Classification of Cannon in Service. By 
Officers of the Ordnance Department U. S. Army. Published by author- 
ity of the Secretary of War. 

Hodman's Experiments on Metals for Can- 
non and Po^wder. 

4to. 60 Plates. Qoth. 610.00. 
Beports of Experiments on the Properties of Metals for 
Cannon and the Qualities of Cannon Powder ; with an Ac- 
count of the Fabrication and Trial of a 15-inch Gun. By Captain T. 
J. Rodman, of the Ordnance Department of U. S. Army. Published 
by authority of the Secretary of War. 



Norton's Report on the Munitions of War. 

80 ninstrations. 8vo. Qoth. Extra. $3.50. 
Report to the Government of the United States on the Mu- 
nitions OF War exhibited at the Paris Universal Exhibition, 1867. 
By Charles B. Norton, U. S. V., and W. J. Valentine, Esq., U. S. 
Commissioners. 



Lieber's Instructions for Arraies. 

12mo. Paper. 25 cents. 
Instructions for the Government of Armies of the U. S. in the 
Field. Prepared by Francis Lieber, LL.D. 



Ordronanx's Manual for Military Surgeons, 

12mo. Half Moiocco. $1.60. 
Manual of Instructions for Military Surgeons, in the Examin- 
ation of Recmits and Discharge of Soldiers. Prepared at the request 
of the United States Sanitary Commission. By John Ordronaux, M.D.. 
Professor of Medical Jurisprudence in Columbia College, New York. 

The Automaton Company. 

In Box $1. 26. When sent by mail $1.94. 
The Automaton Company; or, Infantry Soldiers' Practical 
Instructor. For all Company Movements in the Field. By G. 
Douglaa Brewerton, U. S. A^// 



88 MILITARY BOOKS PUBLISHED BY 



The Automatoii Battery. 

In Box $1.00. When sent by mail 6L30. 
Thk Automaton Battery; or, Artillerist's Practical In- 
structor. For all Mounted Artillery Manoeuvres in the Field. By 
G. Douglas Brewertou, U. S. A- 

The Automaton Regiment. 

In Box $1.00. When sent by mail $1.33. 
The Automaton Regiment; or, Infantry Soldiers' Practical 
Instructor. For all Regimental Moyeoients in the Field. By. 6. 
Douglas Brewerton, U. S. A. 



Grafton on the Camp and March. 

12ma Cloth. 75c. 
A Treatise on the Camp and March. With which is connected 
the Construction of Field- Works and Military Bridges. By Captain 
Henry D. Grafton, U. S. A. 



Gen. McClellan's Report of the Army of the 

Potomac. 

8yo. Cloth. $1.00. Paper. 50 cents. 
Report of the Army of the Potomac, of its operations while 
under his command. With Maps and Plans. By General Geo. B. 
McCiellau, U. S, A. 



Moore's Portrait Gallery of the War. 

1 vol. 8vo. Cloth. $6.00. Half Call $7.50. 

Portrait Gallery of the War, Civil, Military, and Navai*. 

A Biographical Record. Edited by Frank Moore. Illustrated with 60 
fine portraits on steel. 



Butler's Projectiles and. Rifled Cannon. 

4to. 36 Plates. Ooth. $7.50. 
Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with practical suggestions 
for their improvement, as embraced in a report to the Chief of Ord- 
nance, U. S. Army. By Capt. John S. Butler, Ordnance Corps, U. S. A. 

Sergeant's Roll Book. 

Pocket-book form. $1.25. 
!:ant*8 Roll Book, for the Company, Detail and Squad. 
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Luce's Seamansliip. 

Fooith EditloxL Crown 8va ReviBed and Improved. IHostnited \fj 89 foil-page 
copi>er-plate engravings. 8va Half Roan. {^7.50. 

Seamanship. For the use of the United States Naval Academy. By 
Capt. S. B. Luce, U. S. N. 1 vol., crown octavo. 

Text-Book at the U. S. Naval Academy, Annapolis 



Barnes' Submarine Warfare. 

With 20 Lithographic Plates, and many Wood-cuts. 8vo. Cloth. $5.0a 
Submarine Warfare, Defensive And Offensive. Comprising a 
Full and complete History of the invention of the Torpedo, its em- 
ployment in War, and results of its use. Descriptions of the various 
forms of Torpedoes, Submarine Batteries and Torpedo Boats actually 
used in War. By Lieut. -Commander John S. Barnes, U. S. N. 

Jeffers' Nautical Surveying. 

lUostrated with 9 Copperi)lates and 31 Wood-cut Illustrations. 8vo. Cloth. $5.00i 
Nautical Surveying. By William N. Jeffers, Captain U. S. Navy. 



Coffin's Navigation. 

Fifth Edition. 12mo. Qoth. $3.5a 
Navigation and Nautical Astronomy. Prepared for the use of the 
U. S. Naval Academy. By J. H. C. CoflQn, Prof, of Astronomy, Navi- 
gation and Surveying, with 52 wood-cut illustrations. 



Text Book of Surveying. 

8va 9 Lithograph Plates and several Wood-cuts. Illnstrated. Cloth. $2.00. 
A Text Book on Surveyincf, Projcictions and Portable Instruments for 
the use of the Cadet Midshipmen at tlie U. S. Naval Academy. 
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Clark's Navigatien. 

niustrated. 8yo. Cloth. $3.00. 
Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut-Commander U. S. Navy. 

Sirapson's Ordnance and Naval Grnnnery. 

Filth Edition, Revised and Enlarged, niustrated with 185 Engravings. 8va 

Cloth. $5.oa 

A Treatise on Ordnance and Naval Gunnery. Compiled and 

arranged as a Text-Book for the U. S. Naval Academy, by Commander 

Edward Simpson, U. S. N. 

Young Seaman's Manual. 

8va Half Boan. $3w00. 
The Young Seaman's Manual. Compiled from various authorities, 
and illustrated with numerous original and select designs. For the use 
of the U. S. Training Ships and the Marine Schools. 

Harwood's Naval Courts-Martial. 

8vo. Law-sheep. $4.00. 
Law and Practice of United States Naval Courts-Martial 
By A. A. Harwood, U. S. N. Adopted as a Text-Book at the U. S. 
Naval Academy. 

Parker's Squadron Tactics. 

Illustrated by 77 Plates. 8vo. Qoth. $5.00. 
Squadron Tactics Under Steam. By Foxhall A. Parker, Commo- 
dore U. S. Navy. Published by authority of the Navy Department. 

Parker's Fleets of the World. 

8vo. 9 Illostrations. Cloth, extra. $5.00 
The Fleets op the World. The Galley Period. By Foxhall A. Parker, 
Commodore U. S. Navy. 

Parker's Fleet Tactics. 

18mo. aoth. $2.50. 
Fleet Tactics Under Steam. By Foxhall A. Parker, Commodore 
U. S. Navy. Illustrated by 140 wood-cuts. 

Parker's Naval Howitzer Ashore. 

26 Plates. 8vo. Qoth. $^00. 
^HE Naval Howitzer Ashore. By Foxhall A. Parker, Commo- 
dore U. S. Navy. With plates. Approved by the Navy Department 
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Parker's Naval Hcwitzer Afloat. 

32 Plates. 8vo. Cloth. $4.0a 
The Naval Howitzer Afloat. By Foxhall A. Parker, Commo- 
dore U. S. Navy. With plates. Approved by the Navy Department. 



Brandt's G-imnery Catecliisin. 

Revised Edition. Illustrated. 18mo. Qoth. $1.50. 
Gunnery Catechism. As applied to the service of the Naval Ord 
nance. Adapted to the latest Official Regulations , and approved b;^ 
the Bureau of Ordnance, Navy Department. By J. D. Brandt, for* 
merly of the U. S. Navy. 



Ordnance Instructions for tlie United States 

Navy. 

Blostzated. 8vo. Cloth. $5.00. 

Ordnance Instructions for the United States Navy. Parti, 
Relating to the Preparation of Vessels of War for Battle, and to the 
Duties of Officers and others when at Quarters. Part II. The Equip- 
ment and Manoeuvre of Boats, and Exercise of Howitzers. Part III. 
Ordnance and Ordnance Stores. Published by order of the Navy De- 
partment. 



Barrett's Gunnery Instinictions. 

12mo. Cloth. $1.25. 
Gunnery Instructions. By Capt. Edward Barrett, U. S. N., Inatructor 
of Gunnery, Navy Yard, Brooklyn. 

Buckner's Tables of Ranges. 

8va aoth. $1.50. 
Calculated Tables op Ranges for Navy and Army Guns. By 
Lieut. W. P. Buckner, U. S. N. 

Luce's Naval Liglit Artillery. 

22 Hates. 8va Qoth. $3.00. 
Naval Light Artillery. By Lieutenant W. H. Parker, U. S. N, 
Third Edition, revised by Lieut. S. B. Luce, Assistant Instructor ol 
Gunnery and Tactics at the United States Naval Academy. 

Manual of Boat Exercise. 

18mo. Flexible Cloth. 75c 
Manual of the Boat Exercise at the U. S. Naval Academy, designed 
for the practical instruction of the Senior Class in Naval Tactics. 
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Haraersly's Records of Living Officers of tlie 

U. S. Navy. 

Revised Edition. Cloth. Sva $5.00. 
The Records of Living Officers of the U. S. Navt and Ma- 
rine Corps. Compiled from OflBcial Sources. By Lewis B. Hamersly, 
late Lieutenant U. S. Marine Corps. 

Levy's Rules and Regulations for Men-of-- 

War. 

Third Edition, Beyised and Enlarged. 18mo. Flexible Cloth. 50c 
Manual of Internal Rules and Regulations for Men-of-Wab. 
By Commodore U. P. Levy, U. S. N. 

Pook's Shipbnilding. 

8vo. aoth. $5.00 
A Method of Comparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying off 
on the Mould-Loft Floor. By Samuel M. Pook, Naval Constructor. 
With Illustrations. 



Osbon's Hand-Book of tlie United States 

Navy. 

12ma Cloth. |8 00. 
Hand-Book of the United States Navt. Being a compilation of 
all the principal events in the history of every vessel of the United 
States Navy from April, 1861, to May, 1864. Compiled and arranged 
by B. S. Osbon. 

Totten's Naval Text-Book. 

Second and Revised Edition. 12mo. Cloth. $3.00. 

« 

K^ VAL Text-Book. Naval Text-Book and Dictionary, compiled for 
Ihe use of Midshipmen of the U. S. Navy. By Commander B. J. 
Totten, U. S, N. 

Roe's Naval Duties. 

12mo. Cloth. $1.60. 
Naval Duties and Discipline : With the Policy and Principles of 
Naval Organization. By F. A. Roe, late Commander U. S. Navy. 

Stnart's Naval Dry Docks. 

Fourth Edition. 4to. Cloth. 86.00. 
E Naval Dry Docks of the United States. By Gen. C. B, 
uart. Illustrated with 2i fine engi-avings on steel. 
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Miarpliy and Jeffer's Naiatical Route. 

8to. Cloth. $2.50. 
Nautical Routine and Stowage. With Short Rules in Navigation. 
- By John McLeod Murphy and Win. N. Jeffers, Jr., U. S. N. 

Barrett's Dead Reckoning. 

8vo. Flexible Cloth. $1.25. 
Dead Reckoning ; Or, Day's Work. By Edward Barrett, U. S. Navy. 

Our Naval Scliool and Naval Officers. 

12mo. Cloth. 76c. 
A Glance at the Condition of the French Navy prior to thp 
Franco-German War. Translated from the French of M. De Crise 
noy by Commander R. W. Meade, U. S. N. 



Ward's Naval Tactics. 

8vo. Cloth. $3.00. 
Manual op Naval Tactics : Together with a Brief Critical Analysil 
of the Principal Modem Naval Battles. By James H. Ward, Conr 
mander U. S. N. With an Appendix, being an extract from Sir How 
ard Douglas's " Naval Warfare with Steam." 



Ward's Naval Ordnance. 

8vo. Cloth. 12.00. 

Elbmbntary Instruction in Naval Ordnance and Gunnery. By 
James H. Ward, Commander U. S. Navy. 



Ward's Steam for tlie Million. 

8vo. Cloth, tl.OO 

Steam fob the Million. A Popular Treatise on Steam and its Appli- 
cation to the Useful Arts, especially to Navigation. By J. H. Ward, 
Commander U. S. Navy. 



Walker's Scre^w Propulsion. 

8vo. Cloth. 75 cents. 
Notes on Screw Propulsion, its Rise and History. By Capt. W. H. 
Walker, U. S. Navy. 
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